^ ^ •*>* 4.5<yfl^ 2* 


I ^irla Central Eiliratp 

^ PfI.AN I (Jaipur State) 


Class No :- 54€ 
Book No > F-IIT 


t 

f 

5 

v-k:> 


\ 

s -iV^c I 

Accession No > \<^Gl3 Y t 









A TEXT-liOOK OF 
rNOfiaANIO CJIEMISTRY 
VOLUME K1 FAR'l 1 



VOLUMTS II. 


Volume 111. 


Volume IV. 


Volume V. 


Volume VI. 


Ill Eleven Volumes. Medium Svo. Cloth. Prices are net. Postage extra. 

A TEXT-BOOK OP 

INORGANIC CHEMISTRY. 

EDITED DY 

J. NEWTON FRIEND, D.Sc., Ph.D., F.I.C., 

Carnegie Gold Medallist. 

[An Introduction to Modern Inorganic Chemistry. By J. Newton 
Friend, D.Sc. (B’ham), Ph.D. (Wiarz); H. F. V. Little, B.Sc. 
Volume I. . (Lond.), A.R.C.S., Chief Chemist to Thorium, Ltd. ; W. E. S. 

Turner, D.Sc. (Loud.). The Inert Gases. By H. V. A. Briscoe, 
D.Sc. (Lond.), A.R.C.S. Third Edition, Pp. i-xv+385. I2s. Gd. 

TT ( The Alkali Metals and their Congeners. By A. Jamieson Walker, 
VOLUME JI. I (Hoid.), B.A. (Q.U.B.), F.I.C. Pp. i-xxvi +379. 20s. 

( Part 1. The Alkaline Earth Metals. By May Sybil Burr [nie 
Leslie), D.Sc. (Leed.«^) Pp. i-xxvi + 346. 20s. 

Part II. Beryllium and its Congeners. By Joshua C. Gregory, 
B.Sc. (Lond.), F.I.C., and May Sybil Burr, D.Sc. (Leeds). 
Pp. i-xxvi+ 320. 18a. 

(Aluminium and its Congeners, including the Rare Earth Metals. 

Volume IV. By H. F. V. Little, B.Sc. (Lend.), A.R.C.S., Chief Chemist to 

[ Tiioriiim, Ltd. Second Edition. Pp. xxviii + 485. 18s. 

V i Carbou and its Allies. By R. M. Caven, D.Sc. (Lond.), F.I.C. 
VOLUME V. I Second Edition, Pp. i-xxi+468, 18s. 

Part I. Nitrogen. By E. B. R. Prideaux, M.A., D.Sc., F.I.C., 
and H. Lambourne, M.A., M.vSe., F.I.C. Pp. i-xxviii-f 242. 18s. 
Part II. Phosphorus and its Congeners. By E. B. R. Prideaux, 
Volume VI. M.A., D.Sc., F.I.C., B. D. Shaw, B.Sc., Ph.D., and W. E. 
Thorneycroft, B.Sc. In rreparalion. 

Part 111. Vanadium, Niobium, and Tantalum. By Sydney 
Marks, M.Sc,, A.l.C. In Preparation. 

'Part L Oxygen. By J. Newton Friend, D.Sc., and Dougla.s 
F. Twlss, D.Sc., F.I.C. Pp. i-xxvi+370. 18 r. 

Part IT. Sulphur, Selenium, and Tellurium. By Reece H. 
Volume VII Vallanoe, M.Sc., Douola.s K. Twir.s, D.Sc., and Miss A. R. 

Rus.sell, iCSc. In Pre^taraiion. 

Part 111. Chromium and its Congeners. By Reece H. Vallanoe, 
M.Sc., A.l.C., and Arthur A. Eldridge, B.Sc., F.I.C. 

, Pp. i-xxvi+ 380. 18s. 

fThe Halogens and their Allies. By Geoffrey Martin, D.Sc., 
Volume VIII. j Ph.D., and Ernest A. Dancaster, B.Sc. (Lond.). Second 
V Edition. 

Part I. Cobalt, Nickel, and the Elements of the Platinum 

Group. By J. Newton P'riend, D.Sc. (B’hain). Sreond Edition. 
Volume IX. I Pp- i-xxvi -(-307. 18s. 

Part II. Iron and its Compounds. By J. Newton Friend, 

. D.Sc. Pp. i xxvi + 26r). 18s. 

( The Metal-Ammines, with a General Introduction to the Theory 
Volume X. ] of Complex Inorganic Suhstancos. By Mi.ss M. M. J. Suther* 

V LAND, D.Sc., F.I.C. Pp. i-xxvi+260. 18s. 

' Organometallic Compounds. 

Part I. Derivatives of the Elements of Groups 1 to IV. 

By Archibald E. Goddard, M.Sc., A.l.C., and 
Dorothy Goddard, M.Sc. Pp. i-xxviii-f 418. 
Volume XI. Part II. Derivatives of Arsenic. By Archibald E. Goddard, 

M.Sc., A.l.C. In }*reparation. 

Part III. Derivatives of the Elements of Groups V to VDI 
(excluding Arsenic). By Archibald E. Goddard, 
M.Sc., A.I.C. In Preparation. 


Volume VII. 


Volume VIII. 


Volume IX. 


Volume X. 


Volume XI. 


LONDON: CHARLES GRIFFIN & CO., LTD., 42 DRURY LANE, W.C. 2 





The International Atomic Weights for 1925 are adopted in this Table. 













A TEXT-BOOK OF 

INORGANIC CHEMISTRY. 

KDITKI) liY 

J. NEWTON FRIEND, D.So., Ph.D., F.I.C., 

Gold ilKDALLisr. 

VOLUME XL 


OKGAI^OMETALLTO COM PO UJVJ)8. 

PART 1. 

DERIVATIVES OF THE ELEMENTS OF OROUPS I to IV. 


ARCHIBALD EDWIN GODDARD, M.Sc. (B’ham), A.I.C., 

AND 

DOROTHY GODDARD, M.Sc. (B’hain), 



LONDON: 

CHARLES GRIFFIN & COMPANY, LIMITED, 
42 DRURY LANK W 
1928. 


{All rights reserved^ 



Printed in Great Britain by 
Neill & Co., Ltd., Edinburgh. 



GENERAL INTRODUCTION TO THE SERIES. 


During the past few years the civilised world has begun to realise the 
advantages accruing to scientific research, with the result that an ever- 
increasing amount of time and thought is being devoted to various 
branches of science. 

No study has progressed more rapidly than ehemistry. This 
science may be divided roughly into several branches : namely, Organic*, 
Physical, Inorganic, and Analytical Chemistry. It is impossible to 
write any single text-book which shall contain within its two covers a 
thorough treatment of any one of these branches, owing to the vast 
amount of information that has been accumulated. The need is rather 
for a series of text-books dealing more or less comprehensively with 
each branch of chemistry. This has already been attempted by 
enterprising firms, so far as physical and analytical chemistry are 
concerned ; and the present series is designed to meet the needs of 
inorganic chemists. One great advantage, of this procedure lies in 
the fact that our knowledge of the different scc*tions of science does not 
j)rogross at the same rate. Consequently, as soon as any particiilar 
part advances out of proportion to others, the volume d(*aling with 
that section may be easily revised or rewritten as occasion requires. 

Some method of classifying the elements for treatment in this way 
is clearly essential, and we have adopted the Periodic Classification 
with slight alterations, devoting a whole volume to the consideration 
of the elements in each vertical column, as will be evident from a glance 
at the scheme in the Frontispiece. 

In the first volume, in addition to a detailed ac^count of the elements 
of Group O, the general principles of Inorganic Chemistry are discussed. 
Particular pains have been taken in the selection of material for this 
volume, and an attempt has been made to present to the reader a 
c*lear account of the principles upon which our knowledge of modern 
Inorganic Chemistry is based. 

At the outset it may be well to explain that it was not intended 
to write a complete text-book of Physical Chemistry. Numerous 
excellent works have already been devoted to this subject, and a 
volume on such lines would scarcely serve as a suitable introduction 
to this series. Whilst Physical Chemistry deals with the general 
principles applied to all branches of theoretical chemistry, our aim 
has been to emphasise their application to Inorganic Chemistry, with 
which branch of the subject this series of text-books is exclusively 
concerned. To this end practically all the illustrations to the laws 
and principles discussed in Volume I. deal with inorganic substances. 

Again, there are many subjects, such as the methods employed in 
the accurate determination of atomic weights, which are not generally 
regarded as forming part of Physical Chemistry. Yet these are 
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subjects of supreme importance to the student of Inorganic Chemistry 
and are accordingly included in the Introduction. 

Hydrogen and the ammonium salts are dealt with in Volume II., 
along with the elements of Group I. The position of the rare earth 
metals in the Periodic Classification has for many years been a source 
of difficulty. They have all been included in Volume IV., along with 
the Elements of Group III., as this was found to be the most suitable 
place for them. 

Many alloys and compounds have an equal claim to be considered 
in two or more volumes of this scries, but this would entail unnecessary 
du})lication. For example, alloys of copper and tin might be dealt 
with in Volumes II. and V. respectively. Similarly, certain double 
salts—such, for example, as ferrous ammonium sulphate—might very 
logically be included in Volume II. under ammonium, and in Volume IX. 
under iron. As a general rule this difficulty has been overcome by 
treating complex substances, containing two or more metals or bases, 
in that volume dealing with the metal or base which belongs to the 
highest group of the Periodic Table. For example, the alloys of copper 
and tin are detailed in Volume V. along with tin, since copper occurs 
earlier, namely, in Volume II. Similarly, ferrous ammonium sulphate 
is discussed in Volume IX. under iron, and not under ammonium in 
Volume II. The ferro-cyanides are likewise dealt with in Volume IX. 

But even with this arrangement it has not always been found easy 
to adopt a perfectly logical line of treatment. For examples, in the 
chromates and permanganates the chromium and manganese function 
as part of the acid radicles and are analogous to sulphur and chlorine 
in sulf)hates and perchlorates ; so that they should be trelated in the 
volume dealing with the metal acting as base, namely, in the case 
of potassium permanganate, under potassium in Volume II. But the 
alkali permanganates possess such close analogies with one another 
that separate treatment of these salts hardly seems desirable. They 
arc therefore considered in Volume VIII. 

Numerous other little irregularities of a like nature occur, but it is 
hoped that, by means of carefully compiled indexes and frequent cross- 
referencing to the texts of the separate volumes, the student will 
experience no difficulty in finding the information he requires. 

Particular care has been taken with the sections dealing with the 
atomic weights of the elements in question. The figures given are not 
necessarily those to be found in the original memoirs, but have been 
recalculated, except where otherwise stated, using the following 
fundamental values ; 

Hydrogen == 1 00762. Oxygen = 16*000. 

Sodium 22*996. Sulphur = 32*065. 

Potassium — 39*100. Fluorine = 19*015. 

Silver 107*880. Chlorine = 35*457. 

Carbon = 12*003. Bromine == 79*916. 

Nitrogen = 14*008. Iodine == 126*920. 

By adopting this method it is easy to compare directly the results of 
earlier investigators with those of more recent date, and moreover it 
renders the data for the different elements strictly comparable through¬ 
out the whole series. 

Our aim has not been to make the volumes absolutely exhaustive, 
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as this would render them unnecessarily bulky and expensive; rather 
has it been to contribute concise and suggestive accounts of the various 
topics, and to append numerous references to the leading works and 
memoirs dealing with the same. Every effort has been made to render 
these references accurate and reliable, and it is hoped that they will 
})rove a useful feature of the series. The more important abbreviations, 
which are substantially the same as those adopted by the Chemical 
Society, are detailed in the subjoined lists, pp. xvii-xix. 

The addition of the Table of Dates of Issue of Journals (pp. xxi-xxviii) 
will, it is hoped, enhance the value of this series. It is believed that 
th(^ list is perfectly correct, as all the figures have been checked against 
the volumes on the shelves of the library of the Chemical Society by 
Mr. F. VV. Clifford and his staff. To these gentlemen the Editor and 
the Authors desire to express their deep indebtedness. 

In order that the series shall attain the maximum utility, it is 
necessary to arrange for a certain amount of uniformity throughout, 
and this involves the suppression of the personality of the individual 
author to a corresponding extent for the sake of the common welfare. 
It is at once my duty and my pleasure to ex])rcss my sincere appre¬ 
ciation of the kind and ready manner in which the authors have 
aceommodat(‘d themselves to this task, which, without their hearty 
(•o-o])eration, could never have been successful. Finally, 1 wish to 
acknowledge the tinfailing courtesy of the publishers, Messrs. Charles 
(irillin Si C'o., who havtj done evtaything in their power to n*nder the 
work straightforward and easy. 

J. NEWTON FRIEND. 

tSp'piember 1928. 




PREFACE. 


The present book aims at giving a tolerably complete account of the 
preparation and properties of the organic compounds of the elements of 
Groups I. to IV. of the Periodic Classification. Except in the case of 
mercury, no monograph has appeared in any language which deals w^ith 
the organic compounds derived from the elements of these groups. 
The term organometalUc as used in this volume is applied only to com¬ 
pounds containing a second element directly linked to carbon, and 
excludes those where the element is linked xna oxygen or nitrogen, as well 
as double compounds of organic siibstances with inorganic salts. In 
spite of these omissions, the present volume gives an account of approxi¬ 
mately 2300 compounds. In order to make the book as complete as 
possible, the preparation of all key compounds has been given in detail, 
and it may be used as a treatise on practical organic chemistry. Since 
it has been ne(‘essary to cover so much ground no systematic attempt 
has been made to enter into theoretical aspects of the subject, but by 
endeavouring to include all known com))ounds chemists will be able to 
make valuable comparisons of the (iompounds of the various elements, 
which was hitherto impossible without consulting a vast amount of 
original literature. To make the text more readable, physical constants 
of large series of compounds have been placed in the Appendix, and 
throughout the book greater attention has been paid to physical pro¬ 
perties generally than is usual in this type of book. The Authors’ 
ex])erience has shown that such data would have been very useful in 
their own research work if it had been available in book form. 

In conclusion, the Authors wish to thank the Editor, Dr. J. Newton 
Friend, for his invaluable help in reading the whole of the manuscript 
and proofs, to Messrs. Flack and Smith of the Library of the University 
of Birmingham, for giving the Authors free access to any portion of 
the Library, and to E. Masters, B.Sc., A.R.C.S., for lending the Authors 
his copies of the Journal of the American Chemical Society. Reprints 
of original papers dealing with organornetallic compounds will be 
thankfullv received by the Authors. 

A. E. GODDARD. 

D. GODDARD. 
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CHAPTER I. 

ORGANOMETALLIC DERIVATIVES OF THE 
ELEMENTS OF GROUP I. 

Tiik three elements lithium, sodium, and ])otassium bear little re¬ 
semblance to co]:)per, silver, and ^old in their inorganic; derivatives ; but, 
with the exc(‘[)tion of gold, they show more r(‘semblanee in their orgaiio- 
metallie eonii)ounds. 

Lithium, sodium, rubidium, and cjcsium form two types of eom- 
])ounds, (1) IIM, (2) R3CM, whilst potassium only gives type (2). 
Lithium and sodium derivatives of type RM are prepared by treating 
the corres])onding mercury alkyls or aryls with the metal in dry benzene 
or ligroin. Rubidium and caesium, liowever, arc obtained by interaction 
of the metal and zinc alkyls. Lithium methyl is best isolated from 
lithium ethyl and mercury dimethyl in gasoline solution. The most 
striking property of these metals is their aflinity for oxygen, and this 
property is also exhibited in their organo compounds for they are in- 
ilammal3le in air. The lithium compounds are more crystalline than 
those of sodium, but the latter are more insoluble in indifferent solvents. 
It is interesting to note tliat whilst lithium and its inorganic salts colour 
the flame red, lithium phenyl burns with a yellow flame. 

Schlenk and Marcus in 1914^ found that tri})henylmethyl chloride 
reacted with sodium amalgam in dry ether solution, when the operation 
was carried out in an atmosphere of nitrogen. The resulting com¬ 
pound, sodium triphenylmethy], was a brick-red mass, decomposed by 
moisture or carbon dioxide. Kraus and Kawamura in 1923 ^ showed 
that triphenylmethyl chloride reacts with sodium and potassium in 
liquid ammonia, but that the potassium compound is more stable than 
the sodium derivative. A number of compounds similar in structure 
to triphenylmethyl have since been shown to give similar reactions. 
Rubidium and ca*sium also form similar derivatives.^ 

Copper, silver, and gold are contrasted with the three foregoing 

^ Schlenk and Marcus, Ber,, 1914, 47 , 1664. 

® Kraus and Kawamura, J. Amtr. Chem. Soc.^ 1023, 45 , 27r>({. 

® (:}rossp, Btr.f 1926, 59 , 2662. 
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4 ORGANOMETALLIC COMPOUNDS. 

elements in being stable towards air, water, and some acids, and in these 
respects bear some analogies to the metals of Group VIII. In organo- 
metallic chemistry tliis likeness is only shared by gold, since this is the 
only element that forms stable compounds. Cop])er and silver phenyls 
have been rcj:)orted by several investigators, but they arc very unstable 
com})ounds and little is known about their general behaviour. It will 
be noted that this instability is shared by the jdienyl derivatives of the 
alkali metals. 

Gf)ld ^ forms two tervalent types of compounds, llgMX and RMXg, 
both of which are fairly stable solids. Ty}>e RgMX shows tlie analogy 
between gold and thallium, the latter metal giving only this type of 
organic compound; moreover, no monovalent dc^rivatives of gold or 
thallium have been isolated. Diethylauric bromide is ))repared by the 
interaction of auric bromide and magnesium ethyl bromide, and this 
substance is changed to the second ty])e by treating it with bromine in 
chloroform solution, the halogen re])laei!ig one of the ethyl grou])s. 
Roth eom])ounds ])reei])itate silver bromide from solutions of silvxT 
salts, and th(‘ diethylaurie bromide forms an addition compound with 
ammonia, when warmed with its aqueous solution. No aryl derivatives 
of gold have yet been obtained, although when isolated they will be 
found to be quite stable, and probably have no melting-point b(‘low 
.%()° C., like the corresponding thallium compounds. 

Lithium. 

The lithium alkyls resemble the sodium alkyls in beitig colourless 
compounds, but are contrasted to them in being to some extent 
crystalline. With the exception of the diflieultly soluble lithium methyl, 
they are readily soluble in benzene without decomposition. 

Lithium methyl, LiCIljj or LiMe.—When a Ixmzene solution of 
lithium ethyl and a gasoline solution of mercury dimethyl are mixed, a 
white microcrystalline powder immediately separates, in accordance 
with the equation: 

2LiEt +I IgMcg =2LiMe + HgKtg 

soluble soluble insoluble soluble. 

In the dry state the compound is completely colourless, in air it inflames, 
burning with explosive violence. The flame is red and acc^om])anied by 
a shower of yellow sparks. 

Lithium ethyl, LiCgHg, is prepared by the interaction of nureury 
diethyl and metallic lithium in benzene or ligroin solution. It forms 
thick, clear, hexagonal plates, melting at 95“ C. in a nitrogen atmo¬ 
sphere ; at higher temperatures volatilising and condensing in the cooler 
parts of the apparatus in drops, which soon solidify. It is somewhat 
soluble in l)enzene or gasoline, but when exposed to the air the body 
inflames and burns with the red lithium flame. Lithium ethyl reacts 
with triethyl-n-butylammonium bromide to give triethylamine and 
diethyl-n-butylamine, and with tetracthylammonuim bromide to give 
ethane and ethylene. ® 

Lithium n-butyl, LiC 4 H 9 , with tetraethylammonium bromide 

1 ro]X‘ and Gibson, Trans. Chem. Soc.^ 1907, 91 , 2001. 

2 Schlenk and Holtz, Ber., 1917, 50 , 262. 

® Hagor and Marvel, J. Amer, Chem, Soc.y 1926, 48 , 2689. 
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yields triethylaminc; with triethy]hei)Z3danimoniuin bromide it gives 
diethylbenzylamine; with tri-n-butyl-n-heptylammonium iodide it 
forms di-n-butyl-n-heptylaminc. The followiii^jf reactions with lithium 
n-butyl have been carried out,^ the reacting substance bein^ ^dven first 
and the ])roduets of the reaction shown in brackets : n-heptyl bromide 
(n-undecanc); methjdenc iodide (n-nonane); jS-bromost^^rene (phenyl-1- 
hexcne-1, trans-trans isomer of diphenyl-1 •4-butadiene-l*3 (?)) ; tri- 
phenylchloromcthane (tri phenyl method })eroxidc, trij)henyl-l : 1 : 1- 
pentanc); o-, ni-, |)-bromotoluenc (toluene). 

Lithium iso-amyl,*^ LiCgllji, reacts withtriethyl-n-butylammonium 
bromide to ^ivc diethyl-n-biitylaminc and lithium n-lu ptyl, with U tra- 
n-butylarnmonium iodide to form tri-n-butylamiiie, a trace of a hydro¬ 
carbon and possibly n-heptane. 

Lithium phenyl, Li.Cellsor LiPh,‘* may be })repared from mercury 
diphenyl and metallic lithium or lithium ethjd and mereur}^ diphenyl. 
In the dry state it is a pure white, mieroer^^siallinc powder, which burns 
in air with a yellow llame, not a rod lithium flame. 

Lithium triphenylmethyl, LiCPlig,^ is prej)ared by treatiiij^^ 1 mol. 
of triphenylmethyl chloride in anhydrous ether with 0 niols. of lithium in 
the form of 0-5 i)er cent, amalgam, in a specially desi^^ned flask. It is an 
orange-red powder and forms a stable elherat(‘, Li.UPhg.^iKt./). When 
acted upon by water in the absence of air it dceom])oses aceordin<^ to the 
equation; 

Li.CPha +II 2 O -LiOIl +C Phgll 
Sodium. 

The first attempt to obtain sodium alkyls was dut‘ to VVankly n,^ but his 
work only l(‘d to the formation of sodium-/ine-ethyl double eoiupounds, 
Sehori^rin ^ was also unsuccessful in obtaining pure produ(‘ts, whilst 
Acree described a body which he considered to be sodium phenyl, but 
this was afterwards refuted by Ililpert and Griittner.*^ 

The sodium alkyls in the pure state are colourless, amorphous, in¬ 
soluble powders, in indifferent solvents. They decompose when lu'ated 
to the melting-point. They arc extremely inflammable in air, the in¬ 
flammability decreasing with rising molecular weight of the alkyl 
residues. Sodium oct}^ is suseeptible to oxygen, large particles igniting 
in air.® 

Sodium methyl, NaCHy or NaMe.—Sodium chips arc placed in dry 
ligroin (B.pt. 80° C.), and all air displaced by dry, oxygen-free nitrogeiu 
The requisite amount of mercury dimethyl is then added and the 
temperature maintained at 65° C. After several days the proihuit is 
obtained as a white powder. 

Sodium ethyl, NaCgHg, is prepared in a similar manner,but the 

^ Marvel, Hager, and Coffman, J. Armr. CJiem. Soc., 1927, 49 , 2323. 

• Hager and Marvel, loc. cit, 

® 8 chlcnk and Holtz, Rcr., 1917, 50 , 262. 

• Grosse, Ber,, 1926, 59 , [B], 2652. 

5 Wanklyn, Annalen, 1868, 107 , 125 ; 1858, 108 , 68 ; 1859, III, 234 ; 1866, 140 , 211. 

« Sohorigin,Rer., 1908,41,2717; tm, 1910, 43 ,1931. 

^ Acree, J, Atner. Chem. Soc., 1903, 29 , 590. 

® Hilijert and Griittner, Ber„ 1913, 46 , 1679. 

• Schlenk and Holtz, Ber., 1917, 50 , 262. 

See Schorigin, Ber., 1910, 43 , 1931; ibid,, 1923, 56 , [B], 176. 
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rc'Hction is <'oni|)lete in one to two hours. Sodium propyl and ii-Octyl 
have also been obtained. 

Sodium phenyl, NaC^IIs, formed from mercury diphenyl, exhibits 
the same pro])ertics as the alkyls. 

Sodium benzyl, CgHg.CIlg.Na. -IJjilike the ])reeedin^y eomponnds, 
sodium bcji/yl is isolat(‘d as an intense red, erystnlliiu; powder, in¬ 
soluble in benzene or li^^noin, but fairly soluble in ether, to wliieli it 
im])arts a deep, red(lish-y(‘llow colour. The ethereal solution will eon- 
duet the electrics current, sJiowin^ that the metfillie atom is link(‘d by a 
earbonium valence. It inilamcs in air, but if the oxidation is sknv, 
mueli sti]b(‘ne is formed. Dry carbon dioxide comerts it into sodium 
phenyl acetate. 

Sodium triphenylmethyl, PhjjCNa.' 1. Ten ^^rains of tri- 
j)henylmet hyl chloride in 500 (*.c. of dry ether are treated with 200 <jrrains 
of 2 per c(‘nt. sodium anial^iim, and the mixture shak('n on a machine for 
on(‘ to t wo hours. Durin^r tin* o|)erations all air imist b(' replaced by 
nitro^rcii. A solution of sodium trijihcnylmcDiyl is thus obtained in 
(jiumtitative yield. 

2 . Ten ^^raiTis of sodium powd(T arc* amal^amatetl with 10 grains 
of mereury in 200 e.(‘. of dry ether, the n^aetion bein^' carried out in 
Jiitrogen. Triphenylmethyl chloride, 2 to ti ^^rams, is then introduced, 
ihv, sul)stances melted and ]>ut on a shakinjL]: machiiu', the r(‘action bc‘ing 
eom|)lete in twelve hours. A dark orange-red solution is obtaiiu'd ; the 
ether is (‘va])orated and the residue treated s(‘\'eral times with judroleum 
cth('r and evaporated until a solid is produced. All manipulations are 
carried out in nitrogen, since air, moisture, or carbon dioxide cause 
decom])osition. The comj)oimd forms a brick-red mass.^ 

;i. Sodium tri])heny]methyl may also be prepared from tripla'iiyl- 
niethyl chloride and metallie sodium, when the two arc' allowc'd to rc'ac't 
in licpiid ammonia, and the hydrogeii atom of tri])h(‘nylm('than(' is 
ri'phu^ed by sodium in about an hour. 

The eomj)ound is very reactive, even at the temj)eratur(' of licpiid 
ammonia. With water it reacts to form sodium hydroxide and tri- 
]jhenyl methane, 

Ph 3 C!Na+II 2 O -PhaCll fNaOIl 

Py the action of oxygen, a white ]>roduet is formed, the eonij)osition 
of which has not been determined. The reaction with ammonium 
chloride in licpiid ammonia is probably represented by the equations, 

PhgCNa +N1 14 C1 -PhaCNlI^ +NaCl --^^PhaCTl +N J J 1 NaC 1 

The intermediate ammonium eom])ound is not isolated. Ammonium 
hydroxide with sodium triphenylmethyl yields triphenyl methane and 
sodamide, and sulj^hur dioxide forms sodium triphenylmethyl sul- 
])hinate. 

Sodium triphenylmethyl is moderately soluble in toluene or benzene, 
but insoluble in petroleum ether and ligroin. 

The following are typical reactions of sodium triphenylmethyl with 
certain organic compounds :— 


^ Schlenk and HoHz, Ber., 19JG, 49 , 603; Schlcnk and Ochs, ibid., 1916, 49 , 608; 
(jlerman Paknit 292310 ; Kraus and Kawamura, J. Aiiicr, Chan. Boc., 1923, 45 , 2766. 

® Schleuk and Marcus, Ber., 1914, 47 , 1664. 
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triphenyl methyl chloride, hcxaphenylethane is produced, the 
reaction bein^ carried out in liquid ammonia. Thus : 

Ph,CNa+(LCPJi 3 -NaCI -f PhgC.CPhg 

Similarly with dichlorodiphenylmethanc, a mixture of hexaphenyl- 
ethane and ])entaphenylcthyl is formed.^ With bromobenzene, using 
the above solvent, carbon tetra])henyl results. 

Pin/Na +PhPr - NaBr +Ph^C 

With methyl benzoate, j3-benzpinacolin is formed in accordance with 
» th(‘ equation : 

Ph 3 C Na fPh.CO.Me -Ph./l.COPh + NaOMe 

If m(‘thyl p-ehlorobenzoate is used, j)-ehloro-j8-benzpinaeolin is 
obtained. Sijiee sodium tri phenyl methyl shows a tcaidency to exchange 
its sodium atom for hydrogen, it cannot be used for condensations with 
substances which can biiietion in enolie forms, such as ethyl acetate. 

With aldehydes, ethaiiols an* obtai7ied, formaldehyde yielding tri- 
plienvl ethanol, 

Ph3CNaH ()CIl2-Ph3(^(!(()N\i)Il, 

In the ease of henzakl(‘hyde and furfuraldehyde, tetraj)henyl etlianol 
and triphenylfuryl ethanol are isolated respe(;tively. 

With kctoiuis as with esters, those which are capable of existing in 
enolie forms cannot be employed, and diaryl ketones yield no cjondensa- 
tion ])roducts, e.g, with l)cnzophenone, an ethanol is not formed, but the 
solution becomes green, since metallic ketyls are produced, according to 
the equation : 

PhgCNa+COPha^ -rPh3C.CPh2.ONa 

With dibenzalaeetone, tetrastyrylpinacolin is formed. 

Sodium phenyl -biphenylyi -a-naphthyl - methyl, 

riK 

Ph.Cgir,/ \Na 

Phenyl-biphenylyl naphthyl chloromcthane and sodium powder are 
shaken together for one to two days in dry ether, in the ])resence of 
copper bronze. In the solid state it is an indigo-like, metallic, glistening 
powder, soon becoming dull in air. Its ethereal solution is bluish-violet 
of extraordinary intensity. With water or ethereal hydrogen chloride 
the compound is soon decolorised, and when decolorised by air a faint, 
bright blue-grccn, air-stable colour remains. 

Sodium di-biphenylyl-a-naphthyl-methyl, (Ph.C 6 ll 4 ) 2 CNa, is a 
black, metallic, glistening powder, immediately becoming yellow-brown 
in air. 

Sodium biphenylene-phenyl-methyl, 

Cell* 

I 

CeH4 

Dibiphenylene-dipheuyl-ethaiie and sodium powder arc shaken together 
‘ Schleiik and Mark, Ben. 1922, S5, IB|, 2285, 2299. 
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in a nitrogen atinospFicre for twelve days. TFie eoinponnd is isolated in 
shining, orange-red needl(\s, containing one molecule of ether ol crystal¬ 
lisation. When dried in a nitrogen atnios])liere at 00° C. the ether is 
removed and th(‘ eom]K>iind darkens, and at higher tempcratiir(‘s it 
melts to a ruby-red lifpiid. It is instajitly decolorised in air, and 
warmed with alcohol it dissolves, bij)henylenc methane crystallising out 
on cooling. 

Sodium p-anisyl-biphenylene-methyl, 

/Cell4.0Me 

is an intens(‘ly r(‘d, but Jiot distinctly erystalliiu^ j)r()duet, which is 
obtained free from (‘ther. 

Potassium. 

No potassium cojnjHnuids arc known of the type ilK, only com- 
])()unds from tri])h(‘nyl methyl having })cen oldained. 

Potassium triphenylmethyl, KCPha.^ 1. Tri])licnyJmetbane and 
metallic? potassium arc heated at 200° to 220° C. in an indifferent 
atmosphere. By this method the com])Ound is stated to be red, and 
wJien treated with benzyl chloride to yield r/.9-tetra])heny I ethane. 

2. Two equivalents of potassium are allowed to react with tri- 
phenylmethyl chloride in li(|uid ammonia. 

Tlie eom])ound has a similar aj)|)(‘aran(‘{‘ and the same })rop(‘rti(\s as 
the sodium derivative. It exhibits, however, this differc'nee, that 
whilst sodium tri})henyl is unstable in the presen(‘e of ammonia, the 
potassium eom])ound is stable even at 100° C. Morecner, it has not 
been found possible to syjitbesise the tri])henylmethyl grou]) by the 
action of triplienylmethyl chloride on potassium triphcjiylmethyl. 

Rubidium.2 

Rubidium ethyl, BbKt.—The intera(*tion of zinc ethyl and metallic 
rubidium do not give rubidium (‘thyl itself, but the double (?oni})oujid 
with zinc ethyl, BbKt.ZnFjtg. This substance crystallises in j)risms, 
which melt in the jwesenee of some zinc ethyl at 70° to 75° C. 

Rubidium triphenylmethyl, HbCPh.,, ])rej)ared in a similar 
manner to the lithium eompcnmd, is a dark-red powder resembling the 
sodium and potassium derivatives. It gives a blood-red solution in 
ether. 

CiESIlJM. 

Caesium ethyl, CsKt, is isolated iji the same mamier as the rubi¬ 
dium compound, but does not seem to be as dclinitc in compositioii as 
the latter. It is said to undergo the following reaction :— 

CsEt +C02-Cs.C02.Kt 

The latter compound when treated with sult^huric acid yields pro¬ 
pionic acid. 

^ 8 chlenk and Marcus, Bcr., 1914, 47 , 1094; Kraus and Kawamura, J. Aimt, Chcm» 
80 c., 1923, 45» 2756. 

* Grossu, Ber,, 1926, 59 , [B], 2652. 
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Caesium triphenylmethyl, CsCPhg, i)ossessc!!» the same properties 
as the rubidium compound. 

Copper and Silver. 

Cuprous phenyl, CuPJl^—C uj)rou.s iodide is add(‘d to a cold 
soJutioii of magnesium j)]ienyl bromide in ether. Comj^lete solution 
takes place, and after a time the cu})rous phenyl separates out as a white 
j)owder. It d(‘Com]K)ses at SO"" C. and when warmed with benzene is 
converted quantitatively into diphenyl and metallic co]q)er, the latter 
apj)earin^ as a mirror. With water, benzene and eu])rous oxide arc 
foruK'd, and with dilute nitric acid it is changed to nitrobenzene, (‘on- 
centrated nitric acid causing the compound to explode. Cu])rous 
[)h(‘nyl blackens in a few days, even when kept in a vacuum. 

MagJH'sium eth^d bromide j)resumably gi\es cu]>rous ethyl, but the 
eom])ound is unstable above —18° C. and has not been further in- 
vesl igated. 

Silver phenyl, AgPli.-*— Silver bromide is treated with an ethereal 
solution of magnesium ])henyl bromide, the violet solution depositing 
silver j)hejiyl. The ]^r(‘j)aration is carried out in abscjiee of light, and 
tlu' })roduet decomposes in a few hours, even at -18° C^, forming silver 
and diphenyl. The product is highly explosive. 

AVhen freshly precipitated silver chloride is used instead of the 
bromide,'* a brown, granular powder is obtained. When dry it readily 
decomposes, evolving clouds of diphenyl fumes. The ratio of silver to 
))henyl a})pears to be as 1 : 1. With magnesium ])-xylyl- and a-naphthyl 
bromides and ihe magnesium compound of p-bromodij>henyl ether, 
similar compounds arc isolated. 


Gold.^ 

Diethylauric bromide, (C 2 ll 6 ) 2 AuBr.—Magnesium ethyl bromide 
is us('d in pre])aring this compound, and it is necessary that it should be 
free from any unelianged magnesium. Five grams of magnesium arc 
used and the calculated quantity of ethyl bromide in 200 c.e. of anhy¬ 
drous ether. This Grignard reagent is allowed to drop very slowly into 
22 grams of auric bromide in 150 c.c. of dry ether efliciently cooled in ice 
and salt mixture. Metallic gold begins to appear during the reaction. 
Powdered ice is carefully added to the mixture and finally wat(‘r and 
dilute acetic acid. The liquid is next extracted several times with light 
petroleum and this is wash(‘d with water, then allowed to evaporate in a 
warm draught cupboard at 25° to 30° C. The residue when once again 
recrystallised from petroleum ether yields 2 to 3 grams of the pure 
bromide. No larger yield is obtained if the reaction takes place at the 
temperature of boiling li(juid air, and the yield is less if the auric bromide 
is added to the Grignard reagent. If auric chloride is used the yield is 
not increased. Diethylauric bromide takes the form of long, colourless, 
doubly refracting needles, M.pt, 58° C. It is very soluble in benzene, 
light petroleum, chloroform, and ether, much less so in alcohol aiul 

1 Reich, Compt. rend., 1923, 177 , 322. 

2 Reicli, ibid, 

“ Krause and Wendt, Rcr., 1923, 56 , [Rj, 20 U 1 . 

Pope and Gibson, Tram, Chem. <S'oc., 1907, 91 , 2061 
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insoluble in water. It is volatile at ordinary temperatures and decom¬ 
poses with explosion at about 70® C. The body is analysed by dissolving 
it in chloroform, adding bromine in the same solvent, then slowly 
evaporating to dryness and w(*ig]iing the residual gold after ignition. 
Diethylauric bromide is \ery sensitive to light, in contact with water 
giving gold. It also gives silver bromide from solutions of silver salts. 

Ethylauric dibromide, CoUgAuHra, is prepared by adding a dilute 
solution of bromine in chloroform to an (*quiino]eeular pro])ortion of 
diethylauric* bromide in th(‘ same solvent. Crystals of the dibromidc* 
are slowly formed. The compound is sparingly soluble in the ordinary 
organic solvents, but is moderately soluble* in warm wat(T. The crystals 
are transparc*nt, dark, ni]>y-red, doubly refracting j)risiiis with square 
ends. On heating it slowly deeom])oses, fait does not m(‘lt. It is more 
stable than the* })r('A ious body. 

Amminodiethylauric bromide, (( (*an be obtained 

Irom (liethylaiirie bromide on gently warming with dilute a(|ueous 
aninioniuni hydroxide, then evaporating in a xaemmi o\cr sulphurie 
acid. The j^roduet is reerystallis(‘d from Ix'nzeiK*, giving trans])arent 
doubly refracting, colourless needles, wliieli decompose on slowly heating 
at 60"’ C, Tlie body is solulde in ammoniuni hydroxide, benzene, 
acetone, chloroform, or dilute hydrochloric acid. The solution in hydro¬ 
chloric acid may be boiled without any reduction, and there is no pre- 
ei])itate Avith platinic chloride, though on long standing metallic gold 
appears. An aqueous acetone solution of the compound precipitates 
silver bromide from silver salts. 



CHAPTER 11. 


ORGANOMETALLIC DERIVATIVES OF THE 
ELEMENTS OF GROUP II. 

'JTie cleiiirr>ts o! (Troup II., with tlios(* of (iroiip V., form uiorc 

or^janomctal]i(^ derivatives that) the remaining groups. In so far as 
(iron]) II. is eoneeriied this is due to the vast mimlx'i* of mercurials now 
isolated. In 1005, Beekmami ^ found that an etluTeal solution of 
ethyl iodide r(‘aeted withmc'tallic ealcijtm to form an etherate, hav ing the 
constitution EtCal.EtgO. This was an amor[)hous ])ovvder, fairly 
stable in air, yielding etlianc with water, and was sitaringly soluble in 
ether. Chlinan and Sehul/.e ^ repeated Beckmann's wnrk, and came to 
the conclusion that the compound is not the monoetherate shown above 
but a di-etheratc of calcium iodide, Calg.^iEtgO. These investigators 
have also prepared compounds of n-butyl, u-octyl, and phenyl calcium 
iodides, but in no eases do ether-free compounds ai)p(‘ar to have been 
isolated. They also state that un])ublished work oji ctahnim, bariun), 
and strojitium dialkyls and diaryls shows that all of thest‘ orgaiio- 
metallic compounds give ])ositivc tests. Since the j)urj)ose of this 
chapter is to deal with pure compounds and not molecular complexes, no 
further account is given of the calcium comj)ounds.‘^ 

The remaining m(*ml)ers of this groiij) form a scries of organo com- 
j)ounds ill wliieh the stability increases with rising atomic weight from 
beryllium to mercury. It should be pointed out that the authors do not 
include the Grignard compounds under magnesium, since th(*se are not 
actually isolated in reactions in whicJi they arc employed. Moreover, 
the so-called “ individual ” magnesium alkyl salts, wliich do not contain 
combined ether, have not been used to any great extent for synthetic 
purposes. 

The dimethyl comjiounds of the metals from beryllium to cadmium 
arc all very volatile licpiids, the beryllium, magnesium, and zinc deriva¬ 
tives exploding when treated with water, the cadmium deeom])()sing 
slowly under the same conditions. 

Beryllium compounds were obtained in 1800 by Cahours ^ by heating 
metallic beryllium with mercury dialkyls at 180® to 185® C, in a sealed 
tube. Frankland ^ also obtained beryllium diethyl and dipropyl by a 
similar method. In 1884, Lavroff ® also claimed to have obtained 

^ Beckmann, Ber,, 1905, 38 , 904. 

Gilman and 8 chulzc, J, Aimr. Chein, Boc., 1920, 48 , 2403. 

“ See Dufford, Nightingale, and Calvert, *4wcr. Vhem. Boc,j 1925, 47 , 95; Gilman 
and Pickens, ibid., 1925, 47 , 2400 ; Gilman and 8 chulze, ibid., 1925, 47 , 2002. 

* Cahours, Annakn, 1800, 114 , 243 ; Jahmber., 1873, p. 520. 

* Frankland, Trans. Vhem. Boc., 1801, 13 , 181, 194. 

* Lavroil, J, Muss. Fhys. Chem. Boc., 1884, 16 , 93; Bull, Boc. chim., 1884, 41 , 548. 
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berylliuni (linictliyL No further refcrcuee is made to the eom])outids 
until 1023, when Krause and Wendt ^ stated that iKTyllium dialkyls may 
he prepared by the interaction of beryllium chloride and an excess of 
Gri/^nard rea^jent. 

The actual isolation of beryllium dialkyls in a pure state has only just 
been accom})lished by Gilman and Schulze,*^ atid tlieir work throws doubt 
upon the accuracy of that of previous investigators. Their mcdhod of 
j>rocedure is the one su^f^^ested by Krause and W(‘ndt. In 1020, Durand 
claimed to have prepared beryllium metliyl iodide, but the work has 
sinee been dis])roved by Gilman and Schulze.'* These workers have 
isolated beryllium alkyl halides by heating berylliuni, alkyl halides, and 
ether in the presence of catalysts, such as mereurie ehlorid(‘, beryllium 
chloride, or free bromine. The first aryl conqmund, beryllium phenyl 
iodid(‘, has beiMi prejiared by a similar process. 

The first attempt to prepare organic eompounds of ma^iu'sium was 
due to Ilallwachs and Schafarik^ in 1S50, these investigators heatin^^ 
metallic ma^ifnesium with ethyl iodide in a sealed tube at 150° to 180° C, 
Ui)on openin^T the tube a ijas was evolved and a white mass obtain(‘d. 
This when heated gave a colourless liquid of penetrating odour, which did 
not inflame. In view of later work the products apjiear to be magnesium 
iodide and traces of magnesium diethyl. A year later, Cahours ® 
repeated the above work, the reacting substances being heated for 
several hours at 130° C. lie isolated magnesium iodide and a colourless, 
strongly volatile liquid, inflaming in air, and having a leek-like odour. 
This liquid Cahours mistook for magnesium dietliyl. In 1891, Lbhr’ 
obtained magnesium dialkyls by heating magnesium with mercury 
dialkyls, and later Flock ® extended Ldhr’s work. No further work was 
done on these substances until 1927, when Gilman and Schulze*** used 
Lohr’s method, but introduced mercuric chloride into the redaction as a 
catalyst. This work proves that the substances obtained by the earlier 
investigators were not very pure. 

Only one aryl compound is known, namely, magnesium diphenyl,*** 
formed by heating magnesium powder and mercury di])henyl at 200° C. 
in an atmosphere of nitrogen. Like the alkyl compounds, it is readily 
oxidisable in air and decomposed by water. 

Frankland in 1853 ** obtained the first zinc alkyl, zinc dimethyl, by 
heating methyl iodide with an excess of zinc in a sealed tube at 150° to 
160° C, From this beginning, the scries was gradually continued as far 
as zinc di-isoamyl, in the hands of various investigators. The lower 
members arc s])ontaneously inflammable in air, this pro])erty decreasing 
as the series is ascended, and all the compounds are deeom])Osed by 
water, the lower ones with violent exjflosion. These compounds have 
proved of great value in many organic syntheses, but their use has been 
eliminated to a large extent by the Grignard reagent owdng to the fact 

^ Krause and Wendt, Ber., 1923, 56 , 497. 

Gilman and Schulze, J. Chem, Soc.^ 1927, 2903. 

® Durand, Com.pt, rend., 1920, 182 , 1162. 

* Gilman and Schulze, J. Armr. CJiem. Soc., 1927, 49 , 2904. 

® Hallwachs and Schafarik, Annalen, 1869, 109 , 206. 

® Cahours, Anrhnhn, 18(K), 114 , 240. 

’ Lohr, AnnaUn, 1891, 261 , 48. * Meek, Anmkn, 1893, 276 , 129, 

® Gilman and Schulze, J, Amer, Chem. Soc., 1927, 49 , 2328, 

Hilport and Griittner, Ber., 1913, 46 , 1675. 

Frankland, Annalen, 1853, 85 , 347. 
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that tlie latter need not be isolated in reactiojis in which it is used, 
whereas the inflannnability of the zinc alkyls renders them difficult 
to handle. Zinc alkyls have also been used in the ])reparation of 
or^^anometallic derivatives of mercury,^ boron,^ aluminium,® thallium,^ 
silicon,® oermanium,® tin,’ lead,® phosphorus,® arsenic,’® antimony,” 
bismuth.” 

No zinc aryls were knowm until 1918, when Ililpert and Griittner ” 
isolated zinc diphenyl by boilin<( mercury dijdienyl with zi?ic for two 
minutes in an atmospluTc^ of hydrogen. The ra])idity with which this 
reaction takes jdace resembles the prej)aration of aluminium triphenyl 
from mercury di]ihenyl and aluminium, the reaction bciii" complete in 
ten to fifteen seconds at 140° C. The zinc diphenyl is affected by li^ht, 
and, like ma^rnesium diphenyl, is oxidised by atmospheric oxygen and 
decomposed by water. An interesting use has recently been made by 
GhamlxTs and Scherer ” of zinc diphenyl. In order to ])repare tin 
t(‘traj)henyl, magnesium phenyl bromide is treated with anhydrous zinc 
chloride in ethereal solution, the ether re])laeed by toluene and the 
product treated with stannic chloride. Thus the zinc compound is 
merely used as an intermediate without being isolated, in the same way 
as the Grignard reagent. 

Although cadmium alkyls were known as early as 1853,^® it was not 
until 1917 that th(‘y wen^ obtained in good yield in a state of purity. 
The general method of pre]jaration is by the interaction of magnesium 
alkyl halides and cadmium halides. In common with the other alkyls 
so far described in this chapter they are very volatile, the methyl deriva¬ 
tive even being difFicult to sc])arate from ether, since it volatilises along 
with the vapour of the latter. This v^olatility decreases as the series is 
ascended from methyl to isoamyl, and although the higher compounds arc 

^ Buckton, Annnlen^ 1859, 109 , 219, 221 ; Jahnsbcr.y 1858, p. 390; Frankland, Anmilen, 
1859, III, 57; Jahresher., 1859, ]). 413; Krassowski, Zi'Usrhrift fiir Chimie, 1870, p. 528; 
Bvr., 1870, 3 , 025 ; OpjK^nhoim, Bcr., 1871, 4 , 071. 

* Frankland, AnTuileUy 1862, 122 , 132, 144 ; Jahrefiber.^ 1876, p. 409. 

® Buckton and (Idling, Annahn BpL, 1801, 4 , 110, 112 ; Cahours, AnnaleHf 1800, 114 , 
242 ; Ballwachs and Schafarik, AnnaUn, 1859, 109 , 207 ; Furstcnholi', Chem. Zmtr., 1904, 
i. 785; Buckton and (idling, Proc, Roy. Hoc., 1805, 14 , 19; Caliours, Jahrefibtr., 1873, 
]). 518 ; Ber., 1873, 6 , 507 ; Compt. rend., 1873, 76 , 133, 748, 1383. 

^ Hartwig, Ber., 1874, 7 , 298 ; Annalen, 1875, 176 , 204. 

* Fricdcl and Oafts, Annalen, 1805, 136 , 203 ; 1803, 127 , 31 ; Ladenburg, Aiiiuilen, 
1872, 164 , 302, 327 ; Papt% Annalen, 1884, 222 , 359, 370 ; Ladcnlmrg, Annalen, 1874, 173 , 
148; Fricdel and Ladenburg^ .4????. Chirti. Phyn., 1880, f5J, 19 , 401 ; AnnnUn, 1880, 
203 , 251. 

® Winkler, J. prakt. Chem., 1845, [ 2 J, 36 , 204. 

’ Cahours, Amuilen, 1802, 122 , 59; Jahresber., 1873, p. 519; Frankland, Avnxden, 
1859, lU, 50 ; Frankland and Lawrance, Tram. Chem. hoc., 1879, 35 , 130 ; Morgunow, 
Annalen, 1867, 144 , 157; Buckton, Annakn, 1859, 109 , 225; Poiw and IVacbcy, Proc. 
Chem. Soc., 1912, 28 , 42, 116. 

® Cahours, Amialen, 1862, 122 , 67 ; Buckton, Annalen, 1859, 109 , 222 ; 1859, II 2 , 226 ; 
Frankland and Lawrance, J. Chem. Boc., 1879, 35 , 245. 

® (labours and Hofmann, Annalen, 1857, 104 , 1 ; Hofmann, Annahn Spl., 1801, 1, 7 ; 
Drechsel and Finkedstein, Ber., 1871, 4 , 352 ; AVichclhaus, Ber., 1808, i, 80. 

*<* (Jahour 8 and Hofmann, Compt. rend., 1855, 41 , 834; Jahrenber., 1855, p. 538; 
Cahours, Annahn, 1802, 122 , 219; Hofmann, Annahn, 1857, 103 , 357. 

Buckton, Trans. Chem. Soc., 1863, l 6 , 22 ; Jahresber., 1803, p. 470. 

Marquardt, Ber., 1887, 20, 1517 ; ibid., 1888, 2 I, 2038. 

Hilpert and Griittner, Ber., 1913, 46 , 1075. 

Chambers and Scherer, J. Amer, Chem. Soc., 1920, 48 , 1054. 

Lohr, Annalen, 1853, 87 , 55 . 

Krause, Ber., 1917, 50 , 1813. 




14 OROANOMETALLIC COMPOUNDS. 

deconiposocl !)y water, the process takes some hours to reach compJctioii. 
As in the case of maj^iiesiiim and zinc, only one aryl compound of eadmiuin 
is known, cadniiuni diphenyl. It is pr(‘j)arcd by heatin^if mercury 
diplienyl and metalli(^ cadmium in an atmosphere of hydrogen, but tlie 
product apj:»ears to be v(Ty unstable in the dry state, discolouring in a 
va(!uum desiccator (*ven Avhen allowed to stand for an hour.^ The 
cadmium may }>c replaced by mercury or zinc under suitable conditions. 

The only remaining metal in the group to be discussed is mercury. 
This (‘lenient forins suidi an enormous variety of organic eomjiounds 
that they are dealt with in subseiiucnt chapters. No other eknnent is 
known which will rejdace the hydrogen of organic derivatives with such 
eas(‘. All other metals of the ])eriodic eiassilication arc only introduced 
singly into organic* residues, whereas two to live mercury residues may 
become* attached to a molecule in a single ojxTation, e,g. ])enta-ae(‘toxy- 
rnereuriacetanilide. Lik(' the otluT members of Crouji TI., it forms 
compounds of tlie type JlgM, but tiu'se are far more stable than any 
])reviously d(*serib(*d. A second type*, HMX, is also known, which 
res(‘ml)l(‘s Ihe (irignard iragent RMgX in formula only, showing no 
otlier r(‘lation to the magnesium compounds. These two types of 
mercury comjxmnds are d(‘alt with in the subsequent ciiapter. 

Beryijjxtm. 

Beryllium dimethyl, -This compound is jirepared by 

the inte raction of anhy(Irons Ix'ryllium chloride and magnesium methyl 
iodide. Owing to the hygroscopic nature of the beryllium chloride and 
the instability of b(‘ryllium dimethyl in air, the reaction is carried out in 
a sj)ecially (lesigned apparatus in an atmosphere of dry hy(lrog(*n or 
nitrogen. Beryllium dimethyl crystallises from hot conc(‘iit rated ethereal 
solution in snow-Avhite needles, and it has the same form when it sub¬ 
limes at about 200° C. without melting. Its ctlxiTal solutions fiinu* 
strongly on (‘Xfxisure to the atmosj)here. IVhen suddenly overlu'uted, 
it is partially (lecomposed, leaving a brown or grey mirror. In air it is 
spontaiu'ousiy inflammaldc, esjK^eially in the presence of moisture, 
burning with a luminous llame, and evolving white fumes of beryllium 
oxide. It is violently (lecomposed by water, yielding methane, in tlu* 
solid state it even inilames when treated with carbon dioxide, but if in 
ethereal solution it yields acetic acid. Jt reacts with phenyl (airbimide 
in etluTcal solution giving the anilide, and with a-naphthyl carbimide, 
aectoa-naphthalide is formed. With Michler’s ketone it gives an 
immediate positive colour reaction, with benzophenone it forms di- 
phenylmethylcarbinol, and with benzoyl chloride phenyldimethy I - 
carbinol is ])rodueed. The reaction with iodine is very vigorous, 
probably forming beryllium methyl iodide. 

Beryllium diethyl, Be(C 2 H 5 ) 2 , prepared in a similar manner to 
the preceding compound, is a colourless liquid, B.pt. 93° to 95° C. at 
4 mm. or 110° C. at 15 mm. It distils at 180° to 240° C. at ordinary 
pressure, with considerable decomposition, and when solidified in carbon 
dioxicie-ether freezing mixture white crystals are formed, which melt on 
warming to - 13° to — 11° C. It resembles the corresponding dimethyl 
derivative in oxidisability and inflammability. With water it yields 

* impert and (iriittncr, Ber,, 1913, 46 , 1675. 

2 (Ulmaii and Schulze, J. Chvm. Boc., 1927, p. 26()3. 
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ethane, and its ethereal solution with carbon dioxide j^iven triethyl- 
earbinol. It gives a positive colour reaction with Michler’s ketone, 
reduces benzophenone to benzhydrol, reacts vigorously with iodiiK' 
and with an excess of an ethereal solution of beryllium chloride, a 
solution having the characteristics of beryllium ethyl chloride is 
obtained.^ 

Beryllium propyl, is alicpiid, B.])t. 244° to 24(>° C., and 

does not solidify at —17° C. 

Beryllium di-n-butyl,‘^ Be(C 4 H 9 ) 2 , is a clear, colourless liquid, 
having a mercaptan-like odour. It boils at 170° C. at 25 mm. It 
oxidises rapidly in air, but is not spontaneously inflammable. It is 
deeom))osed by water, r(‘acts with phenylcarbimide, and <^\vcs a blue 
colour with Miehler’s ketone. 

Beryllium diphenyl, Be(C 6 H 5 ) 2 , and beryllium di-p-tolyl, 

Be(CJI,j.ClI;j) 2 , may be readily prej)ared by heating beryllium with 
e(|uivalent (piantiti(\s of mercury diphenyl and mercury di-j)-tolyl and 
a trace of mereurie chloride in sealed tubes at 225° C. for six hours. 

Beryllium methyl and ethyl iodides,^ Be(CH3)I and Be(C 2 H 5 )I. 
--These compounds are best prepared as follows: About 0*5 gram of 
[)o\vdered beryllium, 0-2 to 0-5 gram of mereiirie (chloride, 5 e.e. of the* 
alkyl halide, and 25 c.c. of ether are heated for at least flft(‘(‘n hours at 80° 
to 00° C. in a suitable ])ottle, the neck of which has been drawn out to a 
fine capillary. The ])roduct is then removed from the bottle by breaking 
Ihe eapillary, the pressure insid(‘ being sullieient to force the liquid out. 

The ethereal solutions of these iodides do not liinie in air, and 
removal of the solvent gives a liquid, which on further heating evolves 
dense white fumes, probably of beryllium oxide. Heating changes the 
alkyl beryllium halides to beryllium dialkyls. All the alkyl halide com- 
[)ounds are decomposed by water, with formation of the ciorresponding 
hydroearboii. When earbon dioxide is passed through ethereal beryl¬ 
lium methyl iodide for three hours, the solution still gives a positive test 
and no acetic acid is found after hydrolj^sis. Acetanilide is formed from 
beryllium methyl iodide and phenyl isocyanate. 

In a siinilar manner beryllium, ethyl bromide, Be(C 2 H 5 )Br, and 
beryllium n-butyl iodide, Be(C 4 H 9 )I, are prepared. In these eases 
beryllium chloride or free bromine may be used as catalysts. 

Beryllium phenyl iodide, Be(C(,H 5 )I, gives a positive Dst wluii 
pre])ared in the presence of mercuric chloride after fifteen hours h(‘at- 
iiig at 80° to 90° U., and is also readily ])rei)ared by heating at 150° 
to 175° C, with either mercuric or beryllium chloride as catalyst. 

Magnesium. 

Magnesium dimethyl, Mg(CH 3 ) 2 ,^ may be prepared by heating 
magnesium turnings with mercury dimethyl for thirty-six hours at 
130° C. It is described as a grey-yellow mass, which reacts with ex¬ 
plosive violence with water. The addition of acetyl chloride to a well- 
cooled ethereal solution of the compound in a nitrogen atmosphere 

^ Cahours, Anmkn, 1850, 114 , 243. 

® Gilman and Schulze, loc. cit. 

® Gilman and Schulze, J, Amer. Chem. /Soc., 1927, 49 , 2904 ; sec Durand, (Joe/pf. Kind., 
1926, 182 , 1162. 

^ Ldhr, Annalen, 1891, 261 , 48 ; Fleck, Annuhn, 1893, 276 , 129. 



1(5 


ORGANOMETALLTC COMPOUNDS. 


yields trimethyl earbinol. Wlien hydrogen iodide is passed into the 
mixture, tertiary butyl iodide is formed. 

Magnesium diethyl, -Fresh mereury diethyl and 

ma^^nesium powder are heated to<rether in a. sealed tube at ISC C. in 
the presenee of a small amount of mercuric chloride. The product thus 
isolated is a li<^ht ^^rey or broAvn j)owder, spontaneously inllammable in 
air. Ma^mesium diethyl is soluble in ether, this solution reacting- vvitli 
an ethereal solution of acetyl chloride to ^uve inethyldiethyl earbinol. 

Magnesium dipropyl, Mg(C 3 H 7 ) 2 , has been ])re))ared without the 
use of a catalyst. 

Magnesium diphenyl, MgPhg.—Mercury diphenyl and magnesium 
powder are heated to C. in an atmos])here of nitrogen, when the 
magnesium eom])ound is isolated as a white powder. It is insoluble in 
carbon disulphide or benzene, but soluble in absolute ctluT, and when 
boiled in the latter solv ent in a stream of hydrogen, filter(‘d and evapor¬ 
ated under 5^ C. tlu' compound crystallises in transparent feathery 
needles. These contain ether of crystallisation which may be removed 
by the heat of the hand, an amorphous j)roduet resulting.^ It burns in 
air, forming magnesium oxide, and by slow oxidation gives Mg( 0 Ph) 2 . 
Water decomposes magnesium diphenyl with the formation of benzeiu! 
and magnesium hydroxide. Hromine in ethereal solution forms bromo- 
benzene and magnesium bromide, no magnesium jdienyl bromide being 
isolated. With phosphorus trichloride only traces of diphenyl ])hos- 
phorus chloride are formed. Benzal chloride reacts with tiie com|)ound 
when heated for three hours in a sealed tube at 100'^ C., giving triphenyl 
methane and magnesium chloride. When magnesium diplienyl is 
heated in a sealed tube at C. until it decom])os(‘s, tlu* principal 
])roduet obtained by extraction of the j)roduet with benzene is 
diphenyl. 


Zinc. 

Zinc dimethyl, Zn(CH 3)2 ZnMcg, may be prepared in sciveral 
ways : 

1. By heating methyl iodide with an excess of zinc in a sealed tube 
at 150'^ to IGO’" C.^ 

2. Methyl iodide and dry zinc turnings or dust are heated for six to 
nine days in an iron flask carrying a reflux condenser, the reaction 
]>roduet being distilled in an atmosphere of carbon dioxide.^ 

3. Methyl iodide and zinc are heated together to form zinc methyl 
iodide, Mc.Znl, which is decomposed on distillation to yield zinc method 
and zinc iodide.^* 

4. Three parts of methyl iodide and two parts of anhydrous ether 

^ Gilman and Schulzo, J, Amer. Ghem, 1927, 49 , 2328; aoe Ldhr, ibid. ; Flock, 
ibid. 

^ Fleck, loc. ciU 

^ Hilpt^rt and Griittner, -Ber., 1913, 46 , 1675 ; Waga, Anrialen, 1894, 281 , 320. 

* Frankland, Annahn, 1853, 85 , 347 ; sec also Butlerow, Anncden, 1867, 144 , 2. 

® Ssimonowitsch, J. Russ. Pkys. Ghem. 80 c., 1898, 30 , 40; Ghem. Zentr.f 1899, i. 

1066 ; SCO Worobjeff, J. Rum. Phya. Ghem. 80 c., 1899, 31 , 45 ; Ghem. Zenir. 1899, i. 

1067 ; ipatiew, J. prakt. Ghem., 1896, [2}, 53 ,275 ; Kaulfuss, Ber., 1887, 20 , 3104. 

® Frankland, Annalen, 1855, 95 , 28; Wanklyn, Trans. Ghem. 80 c., 1861, 13 , 124; 
Fileti and Cantapulo, Gmzetta, 1892, 22 , ii. 388; Lachmann, Amor. Ghem. »/., 1900, 24 , 
33, 34. 
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are heated with ziiie in a eo]>per di^esltT at lOO*^ V. for six hours. Tlie 
reaction mixture is then distilled from tlie water-])ath, tlie fraction 
hot ween 48'' to .51'’ (!. eorres|)ondini»; to ‘i/nMe^-KtoO. If methyl ether 
is used, 2 ZnMe 2 .Me 20 is obtained, which distils about 4.*U C\, and in the 
a}>senee of ether, ])urc zinc dimetJiyl is isolated.* 

5. One hundred and twenty parts of methyl iodide, 00 parts of 
zinc, and 100 parts of 1 per cent, sodium a-mal^am and a drop of 
ethyl acetate are mixed in the eold. Tlu'y are theri h(‘at(‘d to 45 C. 
for thirty-six hours aTid tlie bath linally raised to 00° G., when the 
(;ontents of the llask solidify. Distillation from an oil bath ]7roduees 
zinc dimethyl, distilling at 47° C. constant.^ 

0. By heating' methyl iodide with zine-eop])er couple.^ 

Zinc dimethyl is a colourless, strongly refracting licpiid, havin.i>' a 
(‘haraeteristie, jiunoent smell and is very volatile. When cooled in a 
freezino*mixture it solidifies and melts at - 10' C."* It boils at 14)' (■. and 
has a density of 1 *880 at 10-5° C.^ In air it is spontaiu*ously inflammable, 
burnino- with a onHaiish-blue flanu*,** but if the oxidation is alhiwed to 
])roceed slowly, zinc methyl methylate, ZnMe.()M(‘, is produced, toi>*ether 
with some zinc methylate*, Zn(OMe) 2 .^ Water (lee*e)mposcs zinc di¬ 
methyl with formation of zinc hydroxiele anel methane*. Zine* dimethyl 
unele‘roe)(‘s re‘ae*tie)ns with varieiussubstance's, as inelicateel in the fe)lle)Vvino- 
table : - 


REACTIONS OF ZINC DIMETHYL. 


lli'aeting Siibstiinec. 

Resulting Products. 

REKKItENCRS. 

Snl})lnii' dioxidi'. 

]VU‘than(‘ sulphinic acid. 

Hobson, lSo(S, 106 , 288. 

Nitri<' <t\id<‘. 

(\ »ui pound 1 >f nut liylnitn ).s( ►- 
liydroxvlaininc, 
/nMe 2 .Zn((lH.,(LN 2 ) 2 . 

Frankland, Aa?fa/e?f, 1850, 99 , 
309. 

Phnsgt‘ne. 

Trinut hylcarbinol. 

Rutlcrovv, Jahn.shrr., 1803. p. 
475; 1804, p. 490. 

Tertiary butyl iodide. 

Tctra ructhylnuthanc. 

Lwow. Zeitseh. ('hem.., 1870, ]). 
520. 

A(iei()n<*. C h 1 0 r i <1 e% 
McaCCt,. 

T(t rauutliylmethano. 

Lwow, ZeiLftc.h. Chew., 1871, p. 

Acetyl cliloride, then 
wate*r. 

Acetyl cliloride, using 
excess of zinc di- 
me3thyl, then treat¬ 
ing with water aftiT 
long standing. 

Acetone. 

Triruethylcarhinol. 

Freund, Anndlen, 1801, II8, 12 ; 
Butlcruw, Annalv.n, 1807, 144, 
2; sec Pawlow, Annalen, 
1877, 188, 100, 114, 118. 


^ Frankland, T'rarm. Chem. Soc., 1801, 13 , 124 ; soo also Wanklyii, he. cil. 

“ Laeienbarg, Annalen, 1874, 173 , 147 ; Wagner, prald. Chem., 1891, |2], 44 , 201. 
® lltmshaw and (Irecnlaw, J. Anie.r. Chem.. Soc., 1920, 42 , 1472. 

4 Haase, Her., 1893, 26 , 1053. 

^ Frankland and l)iij)pa, Annulen, 1804, 130 , 119. 

® Frankland, Annalen, 1853, 85 , 347. 

’ Butlerow, Zeihrh. Chem.., 1804, p. 403 ; Jahresher., 1804, p. 407. 

VOL. XI. : I. 2 
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Reactions of Zinc Dimethyl— continued. 


Reacting Substance. 

Resulting J^roducts. 

Refehknces. 

Chloral. 

Trie)doroiKoj)ro]iyl 

ale.olwd. 

(Jarzarolli-Thiirnlakh, A nnalcn^ 

1881, 210 , 77. 

Silicon tetrachloride. 

Silici >n tetraiiiethyl. 

IViedel and Crafts, Ann. Chhn. 
Hhys., 1870, [4], 19 , 300; 
Annalcn, 1865, 136 , 203. 

Lead chloride. 

lx?ad tetramethyl. 

(tahours, Annakii, 1862, 122 , 67. 

J^hosphorua tri¬ 
chloride. 

(.V)inpou!id of zinc chloride 
and triinethyl phosphine. 

Cahoiirs and Hofmann, Uompt. 
rend., 1855, 41 , 832; Jahrps- 
her., 1885, p. 537; Antialen, 
1857, 104 , 29. 

Arsenic triohloride. 

T ri me 1 1 ly larsint*. 

do. 

Tin diethyl di-iodide. 

Tin dimethyl «liethyl. 

Frankland, Annalcn, 1859, III, 
50. 

Tin triethyl iodide. 

Tin uu'thyl triethyl. 

Cahours, Annuhn, 1862, 122 , 60. 

Metliylmerciirie iodide. 

Mercury diim• 11 lyl. 

Buoktun, Annalcn, 1859, 109 , 
222 . 

Methyl alcohol (small 
(luantity), 
,, (oxcea.s). 

ZiiU! imdJjyl methylate. 

Zinc methylate. 

Butlcrow, Jahrt^her., 186-1, p. 
467. 

do. 

Ethyl alcohol. 

Ziru! ethylate. 

3\)lkatse!u‘w, J. P/iya. 

('hf'}n>. >/or., 1901, 33 , 470; 
(dtnn. Zvntr., 1901, ii. 1200. 

Acetone. 

Mesity l (»xide and higlier 
condensation protlucts. 

Pawlovv, Annalvn., 1877, 188 , 133. 

Chloroformie ethyl 

estej’. 

Kth^ lene, methane, carbon 
dioxide, zinc ehlori<le. 

Butlcrow, Jahrefiber., 1863, p. 
474 ; Zititsch. Ohon., 186,3, p. 
486. 

1 -Bromu-l-nitro- 

elhaiie. 

2 * N i t ro pro pa lie . 

Bewad, J. praht. Cht'W.^ 1893, 
12J, 48 , 352. 

Tetraethylester trf 
orthosili(!ic acid. 

ZiiK; methyl ethylate, tri¬ 
ethyl ester of methyl 
orthosilieie acid. 

I^adenburg, Annalan, 1874, 173 , 
148. 


Zinc diethyl, Zn(('2H5)2 or ZiiEtg, may be obtained : 

1. Ninety grains of zinc iilings and 10 grams of finely divided 
copper (from the orxidc) are heated with a good llame in a t3()0-e.e. 
capacity flask, to form a couple. Then 87 grams of ethyl iodide arc 
added and the whole lieated at 90° C. In lifteen minutes the conversion 
to ethiodide is complete'! and the product is distilled in a hydrogen 
atmosphere, 81 grams of zinc diethyl being obtained, 90*4 per eent.^ 

^ Gladstone and Tribe, Tram. Chem. Soc., 1879, 35 , 571 ; see Ladiman, Amer, Chem, J,, 
1900, 24 , 32. 
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2 . By heatiu^f ethyl iodide with an excess of zine in a sealed tube at 
ISO^tolOO^C.i 

S. Equal volumes of ether and ethyl iodide are heated in a copper 
digester at 130° C. and the reaction product distilled.^ 

4. By heating an alloy of zine and sodium with ethyl iodide in a 
carbon dioxide atmosphere.*^ 

5. Mercury diethyl and zinc are heated in a sealed tube at 100 ° C.^ 
Zinc diethyl is a colourless liquid of j)enetraling odour, si)ontaneously 

inflammable in air.^ It may be solidilied in a Iret'zing mixture and melts 
at ”28° C.® It boils at 118° C., and has a density of 1*182 at 18° V, 
and 1*245 at 8 ° C."^ 

The molecular refraction and dispersion of zinc diethyl compared 
with tin tetraethyl is as follows : 



Temp. 

Density. 

w\. 

«i). 

Mr. 


ZnEt. 

SiiEt .4 

8 0 ° C. 
0 ° 

1*245 

1-4089 

1 *4930 

1 5065 

1*5143 

1*5141 

1.5336 
1 *5403 


Kxp(‘riinontal. 


Theoretical. 


Molecular R(‘fra<!tiofi. 

Molecular 

l)is|)ersion. 

MoIt‘cular 

Ivdraction. 

Molec’uhir 

1 )isjK*rHion. 

ZiiEtj -tS-SS 

3*97 

42 8 


SiiEt^ 48-12 

5*54 

84*6 



The lieat of format ion of zinc diethyl from its elenu'iits is as follows :—® 

[ZnI ( 4[CJ + 5 ( 112 ) —ZnEtg —fll+OO calories. 

Zine diethyl is decomposed by sulphuric and hydrochloric acids with 
evolution of heat : 

ZnEt 2 1-112^^4 ( 79,800 calories. 

ZnKt2+2lICl - 2C2H<j+ZnCl 2 +78,000 calories. 

' Fraiikland, Annalen, 1853, 85 , 300. 

2 Fraiikland, AnnuUm, 18.55, 95 , 28; rco also Pebal, Amialen, 1801, 118 , 22; ihid., 
1862, 122 , 105. 

* Rieth and Beilstein, Anmthn, 1802, 123 , 240 ; 1803, 126 , 248 ; see also Alexeyeff and 
Beilstein, Jahratber.y 1864, p. 409; Compt re.nd., 18()4, 58 , 171 ; Ik^wfwl, ./. 

1849, [2J, 48 , 350 ; Rathke, Annalen, 1809, 152 , 220. 

* Fraiikland and Duppa, Tram. Chem. A'or., 1804, 17 , 29; Annalm, 1804, 130 , 117. 
For other methods using zinc and ethyl iodide, see Fraiikland, Amuilen^ 1853, 85 , 
300 ; VVichelhaus, AunaleUy 1869, 152 , 321 ; Ssimonowitseli, ./. Jtufiti. Phi/fi. Cham. Sor.y 
1899, 31 , 40 ; Chem. Zentr., 1899, i. 1060; Fileii and Cantapulo, GazzHUi. 1892, 22 , ii. 
387; Chapman, Zeitsekrift fiir Chemie, 1867, p. 74; Kahlfuss, Jiar.y 1887, 20 , 3154; 
Sehon, prakt. Chem., 1850, [ 2 ], 51 , 100. 

® Frankland, Annakriy 1855, 95 , 42. 

® Haaae, Ber.y 1893, 26 , 1063. 

’ Gladstone, Tram. Chem. Soc.y 1891, 59 , 293. 

® Gladstone, ibid. 

* Guntz, Jahreaber.y 1887, p. 242. 
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Tlie reactions between zine diethyl and various eornf)onnds have 
been collected to^^^ether in the followinj^ table : - 

REACTIONS OF ZINC DIETHYL. 


Rcifictin" Siil)Ktan(!<‘. 

Resultinji Products. 

RI5FKK?:NCF5S. 

(■hloriiK*, bromine, or 

I)(‘com]>osition with vio- 

Erankland, Ainuihn, IHoo, 95, 

iodine. 

leiiee. inflaming in th<‘ 

1 easei of (ddoriiK*. 

r>i. 

Bromine t>r iodine in 
etlier solution. 

Ethyl halide, zijie halid(‘. 

do. 

Air ])aKS(*<l 11n’ou,i';li 
ether solution of 
/ine diethyl. 

( \)mpound KtZn.t).().Kt. 

Ihunuth and JVI(‘yer, lirr.y 1890, 
23, ,‘194 ; s(‘(' also Erankland, 

/I // Nalr n , 18,5,5, 9 5, 42 ; Erank - 
land and I)up])a, Anvultn, 

1 Sb.5, 135, :io. 

\\'at(‘r. 

/ine hydroxide, ethane. 

Erarddand, Annalcn, ISoJl, 85, 
:h>t>. 

.Sulphur dioxide or tri- 
oxid(‘. 

lOtham* sulphinic acid. 

\Vis(;hin, Anmihin, 180(1. 139, 
807 ; si'C also Hobsoti, Annft- 
Jen, 18.57, 102, 70. 

Nitric oxide. 

(^)m[»ound ZnEt.,.Zn 

Erankland, Amtalvn, 1850, 99, 
84.5. 

Ammonia, ^as passed 
into eth<‘r solution 
of /ine diethyl. 

Zineamid(‘, ZipNHolo. 

Erardvland, Ja/tr(>'<b<r., 1857, ]». 
418; ,/. prali. fVnoa., 1858, 

[11. 73, :t5. 

(-yauo^^(*n. 

Et hyl cyanide. 

Erankland and (Iraham, Trmi.^. 
('hvm. Hoc,, 1880, 37, 740. 

(yjxno.i?en chloride. 

Ethyl cyanide. 

(Jal. Compt. rend., 1808, 66, 49 ,* 
Annalcn, 1808, 147, 27. 

Cyarujgeii iodide. 

Zine cyanide, ethyl iodide. 

(5ilmels, (k)m,pt. rend., 1884, 99, 
289; Jinll. Hoc. ckun., 1885, 

[21, 43. 

LK]uid ejn bon dioxide 
under ])reSHure, 

Zine propionate. 

Schmitt, ,/. prali. Chem,, 1847, 
121, 42, ,508. 

•Sodium. 

(\)mj)ound ZnEU.NaEt. 

Wanklyn, Annalcn, 1858, 107, 
125 ;‘ 18.58, 108, 70. 

Ph(»H|ihorus trichloride. 

(\)mpound zinc chloride 
and triethylphosphim*. 

(labours and Hofmann, Compt. 
rend., 18.55, 41, 882; Jahres- 
hcr., 18.5.5, ]>. 587 ; Annalcn, 
1857, 104, 7 ; Annalcn Sjd., 
1801, I, 2. 

Arsenic trichloride. 

Triethylarsine. 

do. 

Antimony trichloride. 

Triethylstibinc. 

Hofmann, Annalcn, 1857, 103, 
857. 

Silic< m tetrae.hh aide. 

Sili(x^n tetraethyl. 

Eriedol and Prafts, Ann. Chitn. 
Phys., 1870, [4], 19, 8.85; 
Annalcn, 1808, 127, 81. 
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Reactions of Zinc Diethyl —cuntinuccL 


H (' at* t i 1 ig Si i bstiiiuH'. 

lli'sulting Pruduiks, 

IlnFJCRKxms. 

Stannous I'hlorkk*. 

Tin tetraetlivl. 

Franklandand Lawranei*. Tmnn. 
(Iwni. Soc.., 1879, 35 , i:iO. 

Ijcad clilorido. 

Lead tidraethyl. 

Buekton, Annah’tu ISriO, I 09 , 
22 ,‘{ ; 112 , 22 (); Franklaml 

and Lawi-ane(*, Tr(tm. VhatL 
Sov., 1879, 35 , 24^. 

M(*r(MirouH or morc.uric 
nlilorido. 

Mereury diethyl. 

Buekton, AvunUj}^ 1809 , 109 , 
219 ; Jahn -^her., 18.78, ]>. .‘{90. 

(ki[)i‘ic ohiorido. 

EMiane, luitaiM*, <‘tbylen(*, 
metallic eoppiT. 

Wanklyn and C'arius, Anrnihni, 
18('>l', 120 , 09. 

Silvi'v (*lilori(l(‘, forrio 
iixlido, /irconiuin 
oldoridi', titanium 
ohlorid(‘. 

Similar to above. 

Wanklyn and Carius, ihid. ; 
I’mekton, AnudJrti, 18.79, 109 , 
220 ; Hin.sberg, Ainmlvn^ 1887, 
239 , 204 ; Paterno and I’era- 
toiim*, 7>Vr., 1889, 22 ,* 407. 

IMrtliylrncrc.uric i(»did('. 

Mmeuiy diidhyl, /.ine di- 
metliyl. 

Frankland, Antialrn, 18.79, ill, 
57 ; JtthrC'shcr., 1859, j>. 41.'{. 

Ethyluu-rciuii*. iodido. 

iMereury diethyl. 

BiU'kton, Anttulvn, 1859, 109 , 
222 ; Jn/urMx r., 1858, p. 390. 

Tin dk'tliyl di-iodide. 

Till tet raethyl. 

Buekton, ihid. ; Erankland, 

Annalen, 18.79, ill, 4(>. 

('arl)ou bisulpliide. 

Compound Zn Etg.USj,. 

(Irabowski, AtnuiJvn, 180(>, 138 , 
105. 

Clilorol’orm. 

ITobably Et.CH - 
and soiiK* pn>pyleiie. 

Hieth ami Beilstein, Atnuilvn^ 
1802, 124 , 245. 

C iirb( >11 ti^traeiik iiide. 

Ethylene, jiropyleiie. 

do. 

ilroiuoforiu. 

Ethyl bromide, propyleiu*. 

AI(‘Xi‘yeir and Beilstein, Hull. 
Soc. ckim.^ 1804, [2], 2 , 52; 

Jahrvfiber., 1804, ]>. 170. 

V'inyl broiuidi*. 

a-Butylene. 

Wurtz^ Annalcn, 1809, 152 , 22 ; 
also Chapman, Tranfi. 
Chem. Hoc., 1807, 20 , 28; 
Annalcn, 1807, 144 , 255. 

tert. Butyl iodide. 

'rrimetliylethyliuetluiiie. 

Coriainow, Armalen, 1873, 165 , 
107. 

Allyl iodide. 

Ethylene, propylene, pen¬ 
tane, di allyl and a hydro¬ 
carbon, CgHio. 

Wurtz, AmialcUy 1802, 123 , 203 ; 
1803, 127 , 55 ; 1808, 148 , 30 ; 
see also Wagner and Saiztiw, 
Annalen, 1875, 179 , 304. 

Methylene iodide. 

Ethylene, butane. 

Lwow, ./. Jivfi.s. I*hf/s. (duni. 
Hoc., 1870, 3 , 170 ; Jahieubcr., 
IHli, p. 419. 

r 
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Reactions of Zinc Diethyl —continued 


llfaciing 

Ih'Hulting ihodiicts. 

Kefkrencjjcs. 

Nitroethaiuj, thou 
water. 

2 -Niir(»j)n>])aiK*, tlKii 
wah’i'. 

2 -Nitrobutaiie, CHg.tVH 

(NOal.fVHs JWhI N-ethyl- 
N-see. - bn tylhy dr< )xy 1 - 
amine, 

N( 0 H).(! 2 H;. 

2 -Nitro- 2 -inethvl-butaiV‘ 
and -ethyl- N-terl.~ 

ainylhydroxylainine. 

Pewad, J. prakL Chnn.y llKtJ, 

|2 |, 63, Oh, 102 ; see also Laeh- 
man, J. Amvr. Chftn. So<\, 
loot, 23, S 07 ; Mamloek and 
Woltl’enstein, Bcr.^ 1001, 34, 
2400 . 

do. 

1 - BroiiKi- l-iiitni- 

c'diane. 

2 -JMtr<djiitane. 

Jk'wad, •/. Buss, J*/i(/s. C/trm. 
A'oe., IKSK, 20. 122 ;* J. [mikl. 
C/irm.., 1802 , |21, 48, 2r>(i. 

Alkyl nitriles, 

ll.O.NO. 

Diet hvUivdroxvlainine, 
((^jil.OoN.OH, and 
aleohofs <»f t vjM' H.OH. 

I$rwiiil, ./. jimkl. (Jlicin., 1901, 

|2|, 63, or.. 

Nitri )So benzene. 

Phenyl hydroxylainine, 
azoxy benzene. 

Lai;hman, Ain.(r. ('In m. r/., 1800, 
21 , 427, 4-12 ; J. A m>vr. Chem. 
Bo(\, 1001 , 23 , 001. 

Paraldehyde <»r alky- 
lene oxidoH. 

Mo action. 

(Jraniehslaflten and Werner, 
1001 , 22 , 222 , 227). 

Are taldehyde. 

J\Ie thy 1( hhy Jearbiiiol. 

W'agJK'r, J. Jinss. Phy.'i. ('hrm. 

Bo(\, 1870, 8 , 20; Anuuk't}, 
1870, 181 , 201. 

AcT(»lein. 

Kl hylvinyle.arbiiiol. 

W agner, J. //w.v.v. Plty.^. (Jhvm. 
Soc,, 1884, 16 , 2ir>. ‘ 

Chloral or bylyio- 
cldoral. 

Pthyk'iK' an<l eorrospond- 
ing jniniary alcohols. 

(lazarolli-Thurnlakh, . 1 tinulcH, 
1881, 210 , 02 ; 1882, 213 , 

200 ; see also J)elaere, ('ompt. 
rend., 1887, 104 , 1184; Hull. 
Boc. cJiini., 1887, I2j, 48 , 784. 

Die-hloroa('tital. 

lOtliyl ehloridt', propylene, 
ditithyl ether. 

Pah'rno, AumleUy 1800, 150 , 134. 

Aeetoiie. 

Mesityl oxide and other 
condensHti<>n prodiicl.s. 

Pawlow, Annulen^ 1877, 188 , 
120 . 

Clilorodiniethyl ether. 
Similar reaction with 
chloro nieihy leih y 1 
ether. 

Mcthylj)n)pyl <*ther. 

Henry, (Unnid. rend., 1801, 113 , 
200; BvlL Bor. chim., 1802, 
13 ], 7» 

Diethyl oxalaU'! or 
et hyl oxalyl chloiide. 

a-t Ixytliethyl-acetie ethyl 
(;stcr. 

Frarikland, Amuilen, 1802, 126, 
100 ; J<’raiikland and Duppa, 
Annalcn, 1865, 135 , 29; 

Henry, lki\, 1872, 5 , 950. 

Maloiiio ester. 

Pldoniglucin dicarb( ►xylic 
acid diethyl ester. 

Lang, Bcr., 1886, 19 , 2938 ; see 
also Moore, Tram, Chem. Soc., 
1904, 85 , 166. 
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Reactions of Zinc Diethyl— continued. 


Rf*a(;Unj? Rubstanoo. 

Resulting; IVoduets. 

References. 

Aootyl oliloridi'. 

MctJiyldiethyleaibino) or 
methyleihyl keiom'. 

Freund, /lawa/rw, 1861. I 18 , 3; 
Rutlerow, Zeitsrh. ('hem., 
1865, p. 614. 

I sobutyry 1 obb^iido, 
then water. 

E by leiK * , e t f ly 1 iso pro } ^y 1 

ketone, c‘thylisopro])yl 
(^arbinol, diet hyliso- 

propyl (?arbinol. 

( Iri^orowitseh and Bawlow, J. 

/V?y.s\ ('hem. Sor., 1891, 
23 , 162. ' 

Benzoyl ohloridc. 

J^thylphenyl ketone. 

Freund, Avnnhn, 1861, n 8 , 20 : 
Kalle, 1861 , 119 , 165. 

A('eiic anhydridi'. 

Metliylet hyl ketone. 

( Ir.iniehstadtc'n and Wermu’, 
Mounlsh., ItlOl, 22 , 315. 

Acctaiiiidr. 

/iiie ae.efanii<le, Zn(NU. 

('< ttdlala, el ham*. 

Fra.nkland, Jahreshcr.. 1857. ]>. 
119; (lal, Bull. tSoe. ehim., 
IHS.3, |2|, 39 , 647. 

Ux amide. 

ZiiK’. oxamide, etiiane. 

do. 

Llhylaiijiijf’. 

Fit ha lie, eoin]K)und 

Zn(Nir.(U[,),. 

<lal, Hull. »SV>r. ehim., 1883 , [21, 
39» 

Dielljylainino. 

'^I'riethylamirK' oi- iri- 
etliylpliospbiiie. 

( 'ompound Zn[N(r 2 ll 5 ) 2 l 3 - 

No aetion. 

Fraidiland, .hthrr.dx'r., 1857, p. 
419. 

(ial, /or. eit. 

l)i|)hcnylnitrosannru'. 

I )ie 11 ly 11 ly d roxy la m i ne. 

Laehnian, Anu r. ('hem. J., 1899, 
21. 43(i; Her.. 1900, 33 , 1022 ; 
.Me(* also dapp and W ilcox, 
Trans, ('hem.. Hoc., 1880, 37 , 
665 ; da.|)p and Milk'r, Trans, 
(.'hem. Hoc., 1881, 39 , 224. 

Tetraeithyl esler of 
orthosilieie acid and 
sodium. 

d'liet liylsilieane, tetra- 

et hylsilioaiie, t riet liyl 
silicyl ethyl (d.h«*r, di¬ 
ethyl diethoxysilicane, 
(dhyl triethoxysilicane. 

J..adeiibure, Aunaleu, 1872, 164 , 
301. 


Zinc dipropyl, Zii(C 3 ll 7 ) 2 , is obtained as follows : “ 

1. By heating nicreurv dipropyl and /.ine in a sealed tube at 120'’ to 

C.i 

2. By heating pro})yl iodide and zinc turnings under a rcllnx eon- 
denser at 180° Yield 80 ]K*r cent. 

8, By heating together propyl iodide and zinc copper couple, then 
distilling the reaction mixture in a stream of carbon dioxide. Vi('ld 
75 per cent.® 

^ Cahours, Compi. rend., 1872, 76 , 135, 751 ; Jahresher., 1873, p. 518. 

Pai)p, Ber., 1881, 14 , 1873. 

* Oladstono and Triln',, iier., 1873, 6 , 1136; sec also Honry, Compt. rend., 1891, 113 , 
370. 
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4 . rr()j)yl iodidr, 1 H) ^^rains, and 5 ^^ranis of sodium zim* alloy arc 
licatcd with 280 to .‘350 ^rrams of zinc turnings for four to five days on 
the water-batli. J)istiliation of the j)roduct gives a 43 to 50 per cent, 
yield of zinc dij)ro|)yl. ^ 

Zinc di])r()|)yl is a colourless, heavy licpiid of very unpl(‘asant siiK'll, 
and its boiling-point differs according to the various investigators as 
follows : 140" C, (Cladstojie and Tribe); 1 C. (Schtsclierbakoff); 
150" C. (Paj)e) ; 158" to IGO" C. (Cahours). It undergoes the following 
reactions :— 

1. l)<‘Comj)Oscd by water, with evolution of ])ro])ane. 

2 . With ])hos])horiis and arsenic trieh!ori(lcs it yields tri])ro|)yl- 
phos])hine and tripro])ylarsine resj)eetively. 

3. With iriehlorosilieaiK' it gives Iripropyl and t(‘tra])ropylsilieanes.- 

4. With tin tripropyl iodide, tin t(‘trapropyl is formed. 

5. With acetaldehyde, ethyl alcohol and methylpropylearbinol are 
formed.^ 

0 . Chlorodimethyl ether with zinc dipropyl yields methyl-ii-butyl 
ether.'^ 

7. With acetyl chloride, methylpropylearla'nol is formed and 
])ropylene (‘volvcd.*' In a similar way butyryl chloride gives di|)ro])yl 
c‘arbinol.^ 

Zinc di-isopropyl, Zn(C;jH 7 ) 2 , n ‘suits as follows :— 

1 . Isopropyl iodide and zinc eo|)j)er couple arc heated at 50 C. and 
iiiially at 100 " C.^ 

2 . Isoj)ro|)yl iodide (170 grams) in 100 grams of ether are h(‘at(‘d for 
nine hours with 100 grams of zinc and 2 to 3 grams of sodium zim^ alloy 
on a boiling water-bath, and the })roduet distilled from an oil bath in a 
stream of carbon dioxide.^ 

3. Isopropyl iodidt' (125 grams) and 140 grams of zinc dust are 
added to a large (piantity ot zinc turnings and the whole heated at 40" C. 
on the water-bath. Yield 25 ])er ecjit.'*’ 

Zinc di-isoj)ro])yl is a mobile liquid, fuming strongly in air and 
readily oxidised to zinc di-isopropylate, Zn(OC.jIl 7 ) 2 . It boils with sonu* 
decomposition at 135" to 1.‘37" but without decomposition at 01" to 
08" C. at 40 mm. It inllames when a large surface is exj)osed to the 
atmosphere. 

Zinc di-isobutyl, Zn(C 4 lIy) 2 , may be prej)ared by the following 
methods : 

1. 13y heating mereurv di-isobutyl and zinc in a sealed tube at 130" 
tol50"C.^« 

^ Schts(!li(‘rhak()lt, J. fCn.s.s. Vhy.'i. Chvm.. Soc., 1881, 13 , .*{50; Jahrc.'ibcr.y 1881, li. 890; 
JJn\y 1881, 14 , 1710. 

“ PajK*, AtnuilvUy 1884, 222 , .‘{59; 74/’., 1881, 14 , 187.‘{. 

® W'ngnor, ./. Russ. Rhys, Chem. Sor., 1884, l6, 283. 

* Henry, Bull. Sor. rhitn.., 1892, |3j, 7 , 150. 

^ Marki)wnik()tT, J. Russ. Rhys. (Jhetn. Sor.y 1883, 15 , 400; Brr.. 1883, 16 , 2284; sec 
also AN'ajrner, ./. Russ, Rhys. Chvm. Bor., 1884, 16 , 330; ({ar/.aiolli-Tlmrnlackh, Anmlcu, 
1884, 223 , 104. 

Sehts(4i(‘rl)ak()fT, ./. Russ. Rhys. (Jhrm. Boc., 1881, 13 , 343 ; Jiihrcs'her., 1881, p. 890 ; 
Boc also Bogoniolez, Anunleu^ 1881, 209 , 92. 

7 (iladsi(»m> and THIk*, 7>Vr., 1873, 6 , 1130. 

** Ragosin, .7. Russ. Rhys. Ohem. Bov., 1892, 24 , 550. 

» Rohm, J. Russ. I*hys. (Uinu. Bov., 1899, 31 , 40. 

Cahuurs, Couipt. rend., 1873, 77 , 1400; Bull. Boc. chim., 1874, [iij, 21 , 357; J. i)rakt. 
Chem., 1830, [2], 8 , 398 ; Marquardt, Bcr., 1888, 21 , 2038. 
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2. Ry heatini^ zinc with isobutyl iodide for cii^ht to ten hours on a 
water-bath, until gas evolution ceases, then rapidly distilling the product.^ 
Yield 35 to tl per cent. 

3. By lieating zinc and isoj)ropyl iodide for sixty hours under a 
j)ressure of ;5() nun. on a water-bath, tluai distilling off the product in an 
atnK>s})liere of hydrogen.*^ 

Zinc di-isobutyl is a licpiid, B.pt. I(i5" to lOT"' C., less readily oxidised 
than zinc dipropyl. It r(‘aets xigorously with trihalides of ])hos- 
pliorus and arsenic, yielding corresjKniding })hosphines and arsin(‘s. 
With acetaldehyde it forms principally ethyl alcohol, but also a litlle 
isobutyl alcohol,^ and with isovaleryl chloride it gives di-isobutyl 
k(*tone.'* 

Zinc di-isoamyl, Zn(C 5 lIn) 2 , is ])re]>ared either by heating iso- 
amyl iodide and zinc at ISO"^ or by heating nu'rcury di-isoamyl and 
zinc in a sealed tube at 130'^ UJ’ It is a liquid, funung in air and boiling 
at 220'’ C. and has a density of 1-022 at 0° C. With aeetald(‘hyd(‘ it 
forms methyl isoamyl earbinol, isoamyl alcohol, and ethyl alcohol.’^ 

Zinc methyl methylate, UlLj.Zn.OUILj, is obtained by dissolving 
zinc dinK‘thyl in methyl iodide and jmssing air through the mixture or 
by treating ziiur dimethyl with a little methyl alcohol.” It forms a 
camphor-like, crystalline mass, usually containing some zinc dimethyl¬ 
ate, Zn((K’ir}) 2 , and is decomjK)sed by water into methane, methyl 
alcohol, and zinc hydroxide. 

Zinc methyl ethylate, UILj.Zn.OUgH^, is formed from zine di¬ 
methyl and the tetraethyl ester of orthosilieie aeid.^ It is a crystalline 
compound, deeomj)osed by water, with sej)aration of /auc hydroxide. 

Zinc ethyl iodide, CgHg.ZnI, may be isolated by the following 
methods : - 

1. Ethyl iodide, zine turnings, and a little zinc diethyl are allowc^d to 
stand in a sealed tube for about a week at room leni[)erature.’" 

2. Ethyl iodide and zine-co])per couple are heated under reflux on a 
water-bath for thirty to sixty minutes. 

3. E({uival(*Jit (juantities of zinc and ethyl iodide are niixed with an 
e(j\ial volume of ether in a rellux apparatus, the air re])laeed by carbon 
dioxide, and the mixture heated until all the zine dissolves. Th(‘ ether 
is then evaporated off, leaving the zinc ethyl iodide as a crystallijie 

mass. 

Zinc ethyl iodide is a white crystalline product which deeoni|)()ses 
into zinc diethyl and zinc iodide when distilled in a stream of carbon 
dioxide. The following are some of the reactions carried out with zijic 
ethyl iodide :— 

^ Uarzarolli-Tliunilackh and Popper, Anmtlvn^ 1H84, 223 , 1(38. 

“ Ponzio, (Uizzetta,, J900, 30 , ii. 23 ; Chvm, Zvntr.^ 3900, ii. (>24. 

® Ssokoloff, J. Phijfi, (Jhem. Soc., 1887, 19 , 203 ; Jahreshr., 1887, p. 1351. 

^ Ponzio, (icizzetta, 1905, 35 , ii, 394. 

** Frankland, Ann/ilrn, 1853, 85 , 3(30. 

® Frankland and Duppa, Annalejiy 1804, 130 , 122 ; Manpiardt, Rrr., 1888, 21 , 2038. 

" Ssokoloff, J. Rush. Pkffs. (Jhem, Soc.y 1887, 19 , 203; Jahrcsber.y 1887, p. 1351. 

-Butlerow, Jahref^ber.y 1804, p. 407. 

® Juiidcnburg, Annaleny 1874, 173 , 148. 

Fileti and Cantapiilo, (Jazzetta, 1892, 22 , ii. 388; Jjaeliman, Amer, Uhem,. J., 1900, 
24 , 33. 

Lachnian, ibid. 

Miclitiel, Amer. Chem. J., 1901, 25 423 ; see Job and Keieh, Bull. Boc. chim.y 1923 
33* [iv.]. 1414. 
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1. WJien heated with powdered tin it forms tin tetraethyl J 

2. With isobuiyl iodide it ^^ives trimethyletliyhnethane, ethylene, 
and isobutylene.^ 

3. AVith allyl iodide it yields ethyl iodide, diallyl, methylethylethy- 
lene, ethylene, iwopylene.**^ 

4. Zine (‘thyl iodide* with nitro-etliaiie ^ives j8-ethyl-^-see-biityl- 
hydroxylainine,'^ and with isoamyl nitrite, jS.jS-diethylhydroxylamine. 

5. AVilh ehloroaeetyl eliloride it ^ives the ehloroac^etie ester 
of ehl()r(>j»iethyl(liethylearbin()h CIl 2 C'l.('(C 2 ll 5 ) 2 *O.CO.Cn 3 Cl; with 
butyryl eliloride it forms hexanon-(3); ^ with benzoyl chloride, ethyl 
phenyl ketone* is obtained,’ and with benzene sulphonic chloride, the 
main produ(*t is zinc beaizene siilphinate and a little sulphone. 

0. Zine (‘thyl iodide and diethyl malonate yield ethyl-di(*thyl malon- 
aie and some diethyl (*st(*r of diethyl malonie acid.® 

7. Zine ethyl iodide do(‘s not react with carbon dioxide.*’ 

Zinc ethyl trichloroethylate, Calls.Zn.O.CIK.CC l.i, is obtained by 
1h(' action of zinc diethyl on chloral in e*ther('al sohitioii.I’lie* com- 
])oimd is crystalline, and wifli water yields trie^hloro-ethyl alcohol. 

Zinc isopropyl iodide, ((4l3)2CII.ZnT. Zinc and‘isoproj)yl iodide 
are h(*ate(l tojrether and the* product extracted with ether.'’ AVith 
isoamyl nitrite it yields TS\N-di-isopropyl hydroxylaminc, anel witli 
nitroe‘thane, N-isoj)ropyl-N-(a.j3-dimethyIpro])yl )-iiydroxylaminc is 
obtained. 

Zinc diphenyl, ZnPh 2 ,is obtained by boilin^^ mereiiry diphenyl and 
zinc for two minutes in an atmosphere of hydro^nai. ()n cooling, 
rosette's of cryslals of zine* eliphenyl separat(*d, M.pt. 105 C. The* com¬ 
pound is elrieel in a vae'uum apparatus at C. in hydro^^aai atmosphe're ; 
it then melts (in hydre)iren) sharply at 105 to lOG' C. Zinc di})henyl is 
suse*eptible* to air anel li^ht, and in jwese'uce* e)f water yie*lds ziner hy(lre)xide* 
and be'nzene. In dry air it eleeompe)ses into zine* oxiele and eli])h(‘nyl. 
It inthunc's with funiin^^ nitric acid. In hydre),Lren, zinc diphenyl boils 
muter ordiiuiry pivssurc at 2S0 to 285^" C’. with slij^ht de‘(*om])osition. 
it is easily sedublc in benzene*, e*the*r, anel li^ht petroleum, also in ehlewo- 
form witii enolutie)n of heat, AA^'hen the reaction product fre)m the* 
e*hloroform solution is decomposeel with eiilute nitric acid there is much 
chlor-ie)n in solution, and trij[)henylmethane may be isolatcel from the 
e*hlore)form solutiem. From an iodine solution of zinc diphenyl, phenyl 
zine* iodide is e)btained. Zinc diphenyl heated with fifte(]i atomic 
pre)portions of mercury for ten minutes gives e)nly traces of mere*ury 
diphenyl. 

^ LpMh aiul JafuLMKr., lsy(>, }>. IliUl. 

- Ssimoijow'itsfth, ./. Ktfds, I'kijs. Chem.. fSoc., 31 , 11 ; tV/r/M. 18951. i. 1060. 

(iwosdow, J. Hufis. Phtj.s. Chan. Sac., 1003, 35 , 340 ; ('hvtn. Zrntr., 1903, ii, 330. 

’ G(^wad, Bcr., 1907, 40 , 3072 ; J. Rum. Phys. Chem. Svc., 1907, 39 , 958 ; ('hnn. Zenlr.f 
J90S, i. 115. 

^ Blaise and Herman, Ann. Chitn. Phy^., 1911, [ 8 j, 23 , 522. 

Michael, Per.. 1906, 39 , 2144. 

” Michael, Amer. Chan. 1901, 25 , 123. 

” Michael, ibid.^ 424. 

** Zelinsky, /Icr., 1902, 35 , 2694. 

Garzarolli-Thurnlackh, Aniialen, 1881, 210 , 64 ; Helacrc, Bull. Hoc. chitn., 1887, 121, 
48 , 785. 

Bewad, 1907, 40 , 3066; J. Hum. Phys. Chem. Roc,, 1907, 39 , 950; Chem. 
Zentr., 1908, i. 115. 

Hilpert and (Iruttncr, Ber., 1913, 46 , 1675. 
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The ])hysical constants for sonic mixed zinc alkyls ^ are ^^iven in the 
Appendix, Table I. 


Cadmium/-* 

L(')hr ^ from metallic cadmium and methyl iodide obtained a small 
(piantity of cadmium methyl, but he was unable to ])urily it. Wanklyu ^ 
also obtained a small amount of liquid, undoubtedly cadmium diethyl, 
by the interaction of ethereal ethyl iodide and metallic cadmium. 
These compounds have since been obtained in "ood yields from cadmium 
halides and alkyl mafyiicsium halides. Sin(;e tlic eomjiounds are oxidised 
in air and affected by moisture, the Gri^nard solutions cannot be d(jcom- 
]H)sed by water, but are distilled directly, and the product purified by 
JVactionation under reduced pressure. I'lie boilin^r.points are lii<^h coiri- 
])ared with those of the mercury dialkvls. Tliis is not due to associa¬ 
tion, since the molecailar w^ei^hts determined liy thc^ fre(‘zin^r-})oint 
method indicate sin^de molecules, and the vapour density of the 
methyl compound is normal. The pure (‘admium dialkyls are eolourl(‘ss, 
strongly refracting lirjuids, for the most jiart (Tystalline on stron^f 
eooliiif^-. They ])ossess an unpleasant musty odour, and have a 
mtdallic taste. Tlu- low^ molecular compounds, esjieeially the metliyl 
dt'rivative, are extremely volatile at ordinary temperatures, their 
Capours irritating th(‘ mucous membrane of tlie nose. They volatilise 
alon^ with ether vapour, especially (cadmium dinutbyl, so that, the 
eonqilete s(‘])aration, in sj)ite of the wide difference of boilin/^-point, 
only succeeds with appreciable loss, evTii when a fractionating^ column 
is used. This liears a resemblance to ziiui diiruthyl wdiich gradually 
de(Jomj)oses on distillation.'* In a nitro^fm atmosphere in the dark, 
cadmium dialkyls may be kejit for a. month without decomposition. 
In the presence of traces of air or moisture they become* coloured, par¬ 
ticularly rapidly in the light, when they change to steely-blue, and 
a black de])osition of metal occurs. The methyl compound gives 
a white jireeipitate. When poured u])on a watch-glass they oxidises 
rapidly without inflaming, giving off brown fumes. 'J'hey carbonise 
filter paper, which ultimately glows. They inflame und(T suif abk^ (!on- 
ditions, and do so with hissing when drained from a })ij)ettc. Gadmium 
dimethyl differs from all other cadmium dialkyls in its oxidisability. It 
fumes k‘ss in air and becomes coated only with a, white crust of methylate. 
In water the compounds sink, ami when shaken slowly decoin])os(' wdlh 
a crackliTig noise, continuing tlius for hours. With most organic! 
solvents they are miscible, the solutions in air becoming covered wdth a 
white film. Pure cadmium dialkyls can be lieated in an indifferent gas- 
stream to 150" C. without decomposition. At slightly higher temper¬ 
atures they begin to decompose with evolution of gas and deposition 
of black metallic cadmium, and at 180° G. they explode. 

Cadmium dimethyl, CdMejj.--Twenty-nine grams (1-2 mols.) of 
magnesium and the requisite amount of methyl bromide are dissolved in 
350 c.c. of ether, and 130grams (()'5 mol.) of finely jiowdcred, anhydrous 
cadmium bromide introduced in small quantities, wdth good shaking and 

^ Kraust* and Fromm, Bar., iy 2 (i, 59 , [Bj, 9IU. 

- Krause, Bcr., .1917, 50 , 1813. 
f^ohr, Aunalctiy 18o3, 87 , 55. 

* Wanklyn, Quart J. Chem. Soc., 1850, 9 , 193 ; Jakresber,, 1856, p. 551 

® Frankland, Annakn,, 1859, ill, 62. 
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without cooIin^^ When tlie reaction is complete, tlic majority of tlie 
ether is distilled off in a stream of nitrogen, usin*:^ a fractionating* column, 
and a temperature not ahov(‘ 80^ C. Hie residue is distilled from an oil 
bath, in nitrogen, at a pressure of IS mm., the ethcT and cadmium 
methyl being colh eted in a r(‘cei\ er cooled in litpiid air or carbon dioxide- 
ether mixtur(‘. After one hour the tein[)erature is rais(‘d to riO"" C. 
The product is fractionated to remove the ether, then distilled in nitrogen 
at ordinary ])ressure. At lOS-G" C. GO grams of jiure eadmium met hyl 
are obtained. Yield 85 jier cent. When poured into water it sinks, 
e^olving methane and giving a precipitate of cadmium hydroxide. 
AVhen cooled it solidifies, melting at C., the crystals taking tlu? 

form of star-sha))e(l rods when the product is distilled imdt r reduced 
])ressure into a receiver cooled in liquid air. 

The followijig eadmium alkyls may be ])re])ared in a similar manner, 
the yields being shown in (‘aeh ease 

Cadmium diethyl, 00 ])er cent. ; cadmium di-n-propyl, 85 p(‘r 
cent. ; cadmium di-n-butyl, 70 p(T cent.: cadmium di-isobutyl, 
75 per cent. ; cadmium di-isoamyl, 55 jier cent. 

The physical constants of these compounds are shown in the 
Aj)j)endix, Tables II. and III. 

Cadmium diphenyl, CdPhg,^ may be obtained by lK‘ating nadallic 
eadmium and mereury dijihenyl in an atmos])h(‘r(‘ of hydrogen. It is 
stable in the dry state, but Ix eornes discoloured wluai kept in a vacuum 
desiccator for an hour. When air is ])ass(‘(l through its ben/ene solution 
se\'eral colour changes take* place, and a r(‘ddisii-brown body is finally 
])r(‘eipitated. With water the brown solution is decolorised and 
eadmium hydroxide* ])ree*ij)itate‘ei. Cadmium diphenyl epiiekly d('- 
ee)le)rise^s iodine* se)hitie)n, anel the e'aelmium may be replaecel by mercury 
or zinc with formatiem e)f nuTcury and zine* diphenyl. 

^ aj)(l JJrr., 46 , 1075. 



CHAPTER III. 


MERCURY. 

Atjvyl Compounds of titf Types RgHf? and RITgX. 

Tjik early workers oti the tyj)e IC^H^ l^repared tlieir eonij^oiinds l)y 
niakin^r use of dilute sodium amaloams. Tlui alkyl iodides were shaken 
with an excess of sodium amalgam, eontainin^f 0-2 to 0-25 })er cent, of 
sodium, in the presenee of methyl or ethyl acetate, the latter aetint^ as a 
(‘atalyst. In tliis way the follovvinj^ derivatives were ])rodueed, methyl, 
ethyl, n-pro])yl, isohutyl, isoamyl, and n-oetyl. The reaction takes 
place* r(*adily at ordinary tem]X‘ratures and is very vi^^orous in the ease 
of the lower members of the series. Since the discovery of the Gri^nard 
rea^‘(‘nt, the above method of preparation has ])een abandoned, and 
})raetieally all the compounds have since been isolated by the inter¬ 
action of magnesium alkyl halides and mercury halides. Amon^^st other 
metliods of ])re])aration devised for the j)roduetion of these compounds 
th(* following' are of interest. Mercury dimethyl has b(‘(‘n formed from 
metliyl mercuric iodide (ty])c HI!^>:X) by distillation with potassium 
hydroxide or cyanide, calcium liydroxide, zinc methyl or ^^ranulated 
zinc, or by boiling its pyridine solution with metallic copper. Methyl 
mercuric acetate in the |)resence of j)yridine when subjected to electro¬ 
lysis yields mercury dimetliyl, also the a(*tion of aluminium carbide 
on a dilute hydrochloric acid solution of mercuric chloride. M(*rcury 
diethyl has bct*u obtained from methyl or allyl mercuric iodides by 
treatino* them wdth zinc ethyl and also from a-naphthyl mercuric bromide 
and (*thyl magnesium bromide. The latter reaction was carried out in 
an attem])t to produce mercury ethyl a-naphthyl. Tricthylbismuthine 
is deconij^osed by mercuric chloride, the mercury replacing the bismuth, 
forinin^^’ nu'rcury diethyl. The only case when mercuric oxide is used 
in the formation of the type is its interaction with ethyl hydrazine 

to ])roduce mercury diethyl. Mercury di-sec-butyl has been formed by 
the electrolysis of methyl ethyl ketone usin^ a mercury cathode. 

All the compounds of the tyj)e R 2 ll^? are liquids; the methyl and 
ethyl derivatives arc volatile at ordinary temperatures, and are said 
to be very ))oisonous. Mercury dimethyl, diethyl, and di-n-propyl may 
be distilkid under ordinary pressure without decomposition ; mercury 
di-isopro]>yl, di-n-butyl, di-isobutyl and di-sec-butyl, have only been 
distilled under reduced pressure ; mercury di-tert-butyl and di-tert- 
amyl show considerable decomposition even when distilled at 5 mm. ; 
mercury di-isoamyl also undergoes decomposition when distilled in 
vacuo, l3ut is volatile in steam, whilst mercury di-sec-octyl cannot be 
distilled at all, since it decomposes even at 3 mm. 

Mercury di-isobutyl and di-isoamyl react with halogens to form 
halides of the type RHgX, and mercury diethyl gives similar results 

29 ‘ 
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except that it inflames with chlorine. Iodine reacts with mercury di¬ 
methyl, di-n-propvL di-sec-bntyl, and di-n-oetyl to yield the correspond¬ 
ing^ iodides, 

VVitJi acids, jiKinmry dimethyl, diethyl, and di-n-})roj)yJ form salts 
of the type ItlT^rX, hut mercury di-isoamy] is decomposed by glacial 
aceti(! acid. 

Jiy electrolysing methyl or (*thyl mercuric halides in liquid ammonia 
solution the comjdexes, MelT^p- and Etllt?- are obtained as black dc])osits 
on the cathode, which show metallic reflexion and have a hi^di electrical 
(ionductivity. 

The mercury may be rt‘placed from mercury dimethyl by sodium, 
ma^iu sium, /iiic, or aliiminimn under suitable condition with formation 
of oroa nometal lie compounds of these metals,* with mercury diethyl, 
the reaction takes ])laee with sodium, maj^nesium, cadmium, beryllium, 
zinc, aluminium, bismuth, and tellurium ; with mercury di-n-pro})vl, 
the metals sodium, })eryllium, zinc and aluminium react, and sodium 
also reacts with mercury di-n-octyl. 

Phosphorus trichloride, stannous chloride*, and mercuric iodide* ”ive 
pre)due*ts of the ty])e with mereairy elimethyl, but euidmium 

ioelide* eloes iK3t yield the* above* type, and antimony trichloriele yields an 
organometallie e*omj)ound. Mercury diethyl reae*ts with the triethloride*s 
e)f phosphe)rus, arsenic, aivel antimony to yielel organo elerivatives e)f these 
elements, and with mea*eruric chlemde it gives e*thyl meremric chloride. 

Some of the mcthe)ds by which the ty[)e RHgX may be pre'parc^d are 
outlineel in the above discussion of the type Ib^llg. In contrast to tlu* 
com})ounds just discussed, all elerivatives of the type RllgX are solids. 
It has been })e)inted e)ut that a numbeT e)f the halieles ma}' be obtain(*ei 
by the direct action of halogens. Others may be formed from tlu* 
corresponeling hydroxides by the action of acids, whilst tert-butyl, tert- 
amyl, and sec-octyl mercuric bromides are prcjpared by treating'the 
magne*sium alkyl halieles with an exce*ss e)f mcTcurie^ biuiniele*. Mag- 
ne^sium n-butyl brennide with an excess e)f meavuric chle)ride gi\'e*s (*(jual 
parts e)f the chleu’ide anel bromide. The halide s, e*spe*cially the ioeIid(*s, 
may be converteel to the hydroxides by mejist silve*r e>xielc, and in the 
case of the methyl and ethyl com])onneis they may be obtained eliree t 
from the R 2 llg typ^^ I>y t^n* actiem e>f potassium permanganate. 

It was discovered as e*arly as 18,52 that mereury combines with 
methyl ioeliele in sunlight to fe)rm me*thyl me rcuric ie)dide, and a similar 
reaction takes j)lace with e'thyl ie)elide, but owing to the? tendency of 
ethyl mercuric ioelide to dccompe)sc in direct sunlight, the operation must 
be CM)nducted in diffuseel light. The n-propyl and isobutyl ie>dieies also 
react with mere?ury to give the corre*s]>e)nding iodides. The reaction, 
however, is mue*h mejrc ra])id with the unsaturated alkyl anel propargyl 
iodieles, whilst with methylene iodide it only goes to completion after 
several elays. Methyl meiTuric iejdide* has also been formed by treating 
magnesium methyl iodiele wilh an excess e)f mere?uric chloride. 

Alkyl Compounds of tite Type RgHg. 

Mercury dimethyl, IlgMcg, may be prepared : 

1. By the distillation e)f a mixture of medhyl mercuric iodide and 
solid j)otassium cyanide.^ 

^ Buokton, Anmden, ISilS, io8, 103; Jahreslmr^t 1858, p. 388. 
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2. The same compound is isolated when the potassium cyanide 
is replaced by potassium or calcium hydroxide. 

3. By the distillation of methyl mercuric iodide and zinc dimethyl.^ 

4. By the distillation of methyl mercuric iodide and granulated 

zinc. 2 

5. A mixture of 10 parts of methyl iodide and 1 part of methyl 
acetate is shaken with an excess of 0-2 per cent, sodium amalgam, the 
whole being kept cool as the reaction is very violent during its initial 
stages.® 

6. Mercuric chloride is dissolved in a ver}^ dilute acpieous solution of 
hydrochloric acid and an equal weight of aluminium carbide added, 
merciury dimethyl soon sejmrates.^ 

7. By action of the Grignard reagent on mereurie (diloridt*.'* bi this 
reaction it is necessary to remove any unchanged magnesium from tlu* 
Grignard solution before the addition of the mercuric chloride, otherwise* 
some reduction to mercurous salt occurs, the yi(*ld being consequently 
lowered. Yield 01 per cent. 

8. The most satisfactory method so far des(‘ribed for the* ])reparation 
of mercury dimethyl consists in subjecting an aqueous solution of 
methyl mercuric acetate containing j)yridine to electrolysis.*'* This 
process gave a yield of 92 per cent. 

9. By treating methyl mercuric iodide in pyridine solution with 
metallic copper.’ 

The compound is a <;olourless liipiid having a faint sweetish odour, 
is easily inflammable and a very deadly poison; B.pt. 93 to 90^ (\, 
density 3-0()9 ; 2-95412 at 22-2'^ C. It is readily soluble in alcohol or 
ether, insoluble in water. The following values were found for tin* 
refractive index by Ghiran« 1*52780; Uy 1-55588; ud 1-53200 at 
22-2° C. The following physical constants are due to Krause:** B.pt. 
92° at 761 mm., density 3*0836 at 19*2° C., Uhc 1*54212, iid 1-54735, 
Uh^ 1-500.52, njf. 1*57177 at 16-8° C. From these the following wen* 
calculated: MRh, 23-528; MRj) 23*717; MA-, ... 1*058; 0-059; 

ARHa 12-148; All]) 12-282; AA. .. 0-773; AA^i ^ 0-472. The molec¬ 
ular heat of (X)mbustion at constant volume is 430,800 calories,^** and 
work on the dielectric constant has been carried out by Matthews,’^ 
and studies of the absorption spectra by Cryrnble.^® Tht* com})lex 
MeHg- has been isolated by electrolysing methyl mercuric halides 
in liquid ammonia solution. It forms a fine; black de])osii on the 
cathode, and may be obtained in tin* form of flakes if the process lx* 
carried out in water or alcohol solution. The latter form appears to be* 
more stable than the former, which dc(*omposes into mercury and 

^ BuckUm, Annnlen,, 1859, 109 , 222; Jahre.sher., 1858, ]>. 290; J. prnJd. Chnn.., 1859, 
11 J, 76 , .162. 

^ Bucktuii, Tmtis. (Jhtm. Soc.^ 1803, l 6 , 21 ; Jakrfsbf^r.^ 1803, p. 409. 

^ Frankland and l)u})pa, Tram. CVxa/.. >SV>r., 1803, 16 , 415 ; Annalt n, 1801, 130 , 104. 

* HiljHMt and Ditmar, Her., 1913, 46 , 3738. 

^ Marvel and (Jould, J. AniA'r. Ohem. Soc., 1922, 44 , 153. 

Maynard and Howard, Tram. Chem. /S’or.., 1923, 123 , 900. 

’ Hein, Waylcr, and HetU-r, Ber., 1925, 58, [B], 1500. 

* Ghira, A Hi. Ji. Accad. Lined, 1894, [51, 3 , i. 298 ; (ia::zetta, 1894, 24 , i. 311. 

^ Krause, Be.r., 1920, 59 , [Bj, 935. 

Berthelot, Compt. rend., 1899, 129 , 918. 

Matthews, Chem. Zentr., 1906, i. 224. 

Crymble, Trans. Chem. Soc., 1914, 105 , 058, 

Kraus, J. Amer. Chem. Soc., 1913, 35 , 1732. 
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ineroury cliiriethyj at room temperature. The deposits have a hi^^h 
coiiduetivity aiui exhibit metal)ie reflexion. 

Mereury diinetljyl under^foes reactions with various substances as 
indicated in tlie follovvino' table :— 

REACTIONS OF MERCURY DIMETHYL. 


Roactin;j; Sub¬ 
stance. 

(Nmditions of 
Ih'aetion. 

R(“aulting Products, 

j Pefeiiknohs. 

Halogens, vjj. 
idclinc. 

Al(’olioli(‘ 

tioii. 

MethvI iiK'reurv iodirh'; 
methyl iodide. 

Huekton, Annalvn, 1 H 5 K, lo 8 , 
10 .‘{; Krankland and Duppa, 
Tranf<. ('hem. Sor., 1 Still, 16 , 
415 ; AnhuIcH; ISOl, 130 , 104 ; 
Hilpf rtand Ditmar, Hrr., lOIll, 
46 , IITIIS. 

(-vanogen iodide. 

KIJkm* solution at 
oO ' ('. 

Kther solution at 
lltl ('. 

Mercuric cyanide. 

Mercuric iodide, methyl i.so- 
eyaiiide. 

(^iliiK'ls, ('liin/if. nnd., 1S84, 99 , 
240. 

(^)ncont rated 
sulphuric or 
hydi‘o(dilorie 
acids. 


Methan(‘, uudhyl nu'reurie 
salts. 

Pmckton, 'ibid. 

Claeial nectie 
acid. 

120 -i:i 0 " (\ f<.r 

1 liour. 

250' h.r It; 

hours. 

Methafi(‘, methyl mereuri(' 
aeetal4‘. 

Metallic nuMtmry, brown 
amorphous pnaluet. 

Otto, Avnf(ki), 1S70. 154 , 108. 

Jones and MVna'r, J. Amer. 
Chm. iS'or., 1018, 40 , 1257. 

Nitrogen p(‘r- 
oxidt*. 

Ether solution 
at -20 ' ('. 

Imido dihydroxitnie acid. 

Dio.xy biuret, methyl mer¬ 
curic nitrat 4 ‘. 

Hainbeigei-, />Vr., 1800, 32 , 3540 ; 
Bamb(‘rger and Midler, 

1800, 32 , 11540. 

Phosphorus tri¬ 
chloride. 


Methyl nuucuric chloride. 

Buekton, /or. r<7. 

Antimony tii- 
ehloride. 


M(*thyl imu’curie chloride', 
mereury, trimet by Istibine 
dichloride. 

Buektim, Trnns, Chon. Nor., 
181)11, 16 , 22 ; dahnsho'., 1803, 
p. 470 ; La))dolt, Annnh n, 
1851, 78 , 01. 

Merourie. iodide. 


Me'thyl mercuric iodide. 

Buekton, Annnloi, 1858, 108 , 
105. 

Padmiuin iodide. 


Methane, mercury, mc'rcuric 
iodide. 

Lfihr, Annulev, 1801, 261 , 48. 

Stannous chlor¬ 
ide. 


Crystalline product yielding 
methyl mercuric chloride 
and a tin compound with 
water. 

Buekton, hr, cit. 

J-’otassium j)cr- 
manganatc. 


Methyl mercuric hydn)X- 
ide (?) (not isolated). 

Seidel, prakt. Chrm.^ 1884, [2J 
29 ,135. 

Thiodimcthyl- 

aniline. 

Scaled tube at 
150 -210“ C. 

Metallic mercury, grey pro¬ 
duct not analysed. 

Holzmann, Ren, 1888, 21 , 2071. 
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Kcaciiiig Siil)- 
HtancH^. 

( Vmdiiiona of 
li cacti on. 

liesuliing Products. 

B-EIj'KRENOES. 

Soditim. 

Alcoholic solu- 
ti(jn. 

Intu t solvents. 

Men'ury, giis evolved. 

Sodium methyl. 

(lhapman, Trans, (Jhem. Soc., 
1866, 19, 150; Annalen, I860, 
I39» i28. 

Schlenk, Her,, 1017, 50, 262. 

Sodium aud car¬ 
bon dioxide. 

Fth('i‘ solution. 

'riac(‘a of sodium aeetat<\ 

Schorigin, Brr., 1008, 41, 2722. 

(Cadmium. 


Methane, eadinium amal¬ 
gam. 

Ltihr, hr. cit. 

Magni'siujn, 

Scaled tuln^ at 
130" (1 fnr 36 
hours. 

Met allic mercury, njagJie.sinm 
(limethyl. 

T/r>hr, lor. rii. ; Fleck, Annalcn, 
1S93, 276, 130. 

Zinc. 

Sciilcd tube at 
120 "(\ 

Metallic mercury, yinn di¬ 
methyl. 

Krankland and Duppa, Trans, 
('hem. Boc., 1864, 17, 28; 
Annakn. 1861, 130, 117. 

Aliinuniiim. 

Scaled tube at 
lOO^for sevciul 
Ikuii's. 

Ahiminiiim trimcthyl. 

Buckton and (Idling, Anmkn 
Buppl, 1865-1866, 109; Pmc. 
hoff. Soc... 1865, 14, 19. 

Cahours, Ann'ikv, 1860,114, 243. 


Mercury diethyl, IlgEt 2 , is obtained as follows :— 

1. Hy the distillation of ethyl memiric chloride witli potassium 
cyanide. The yield is v(Ty small.^ 

2. By the addition of mercuric or mercurous chloride to cooled zinc 
di('thyl. ‘ 

3. By the distillation of ethyl menairie iodide with zinc diethyl.^ 

4. From methyl mercuric iodide and zinc diethyl, the other products 
of reacttion bein^ zinc dimethyl and zinc iodide.^ 

5. From ally! mercuric iodide and zinc diethyl in cold ether, the reac¬ 
tion yielding, in addition, diallyl and mercury,* 

C. By the interaction of 2 per cent, sodium amalgam and ethyl iodide, 
using ethyl acetate as a catalyst.^ The ethyl iodide may be replaced by 
( thyl bromide.^ 

7. From ethyl mercuric chloride and alkaline stannous chloride 
solution.^ 

8. From a-naphthyl mercuric bromide and ethyl magnesium 
bromide.’ 

9. Formed in simill quantity when ethyl hydrazine is acted upon by 
mercuric oxide.® 

^ Buckton, Anmkn, 1858, 108 , 103 ; 1859, 109 , 218; Jahrcsber.y 1858, p, 389. 

Frankland, Anmkrif 1859, in, 57 ; JahreHber., 1859, p. 413. 

•• Linnemann, Anmden, 1800, 140 , 180; Krassowski, Jier.f 1870, 3 , 025; Oppenheini, 
Be.r., 1871, 4 , 071. 

* Frankland and l)up])a, Chem. Soc., 1803, i6, 418, 424; Anmlen^ 1864, 130 , 

109, 117. 

® Chapman, Trans, Cfietn. Boc,, 1866, 19 , 150; Anmkn, 1806, 139 , 138. 

® Dimroth, Chem. Zentr., 1901, i. 451; Ber., 1902, 35 , 2853, 

’ Hilpert and Griittner, Ber., 1916, 48 , 908. 

® Fischer, Annakn, 1879, 199 , 332 

VOL. XI. : I. 
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10. By the action of mercuric chloride on bismuth triethyl. ^ 

11. From ethyl magnesium bromide and mercuric chloride. Yield 
CO to 63 per cent.” 

12. By treating ethyl mercuric chloride in pyridine solution with 
metallic copper.® 

Mercury diethyl is a liquid of penetrating odour and a])precial)ly 
volatile at ordinary temperature. It boils at 150“ C., has a density of 
2-4234C at 23-2“ C. and is readily soluble in ether, less soluble in alcohol, 
and insoluble in water. The following physical (‘oiistants have been 
determined: Refractive index, iina 1*53510; ud 1-53000; iin^ 1-56240 
at 23-2“ C.^ Phvsieal constants bv Krause:® ll.])t. 57° C. at 16 mm., 
density 2-4660 at 20° C., ni,„ 1-54285, n„ 1-51765, nu,i 1-55090, Uh, 
1-57048, MR,i„ 33 018, MR,, 33-202, MAy „ 1-386, MA^^ „ 0-857, 
ARh„ 12-442, AR|, 12-,501, AA^. , 0-873, AA,i_„ 0-530. Molecular 
heat of comlaistion at constant volume, 733,(U)0 calories.® Investiga¬ 
tions on the dielectric* c-onstant have been earricul cnit by Walden,’ and 
the com])lex CgHslIg- was isolated by Krause in a similar manner to the 
corresponding methyl body. Whilst mereur}^ dimethyl j)ossesses much 
the same absor])tive ])Ower as mercuric chloride, the diethyl compound 
shows much greater absorptic^n.® 

Reactions, -The action of various substance's on mercury diethyl 
is shown in the fcdlowing talde 


REACTIONS OF MERCURY DIETHYL. 


Reacting 8 iib- 
stanot\ 

Oonditions of 
Reaction. 

Resulting Products. 

Rkfkrkncks. 

Chlorine. 

Bromine or io¬ 
dine. 

Aqueous solu¬ 
tion. 

Mercury diethyl inflames. 

Ethyl njereuriit halides, 
ethyl halide.s. 

Biiekton, Anmihii. 1859, 112 . 
221 ; Jahrvshtr., 1859, ]). 408. 
d(». 

Hydrochloric or 
sulphuric acid. 

Heat. 

Ethyl morcuri(^ salts, etliaiu-. 

Huc;kton, he. cit. ; Anmilen^ 
1858, 109 , 220; Jahresber,, 
1858, p. 390 ; J. praU. Chem., 
1800, I, 79; Schorlemmer, 
Annnlen, 1804, 132 , 234. 

Glacial acetic 

acid. 

Heat at 220° G. 

for 10 hours. 
H«uit at 120° G. 
for 1 hour. 

Ethyl acetate*, menuiry, 
ethane, ethylene. 

Ethyl mercuric aet-tatc'. 

Jones and Werner, J. Amur. 

Chem. Boc., 1918, 40 , 1257. 

Otto, Annalrn, 1870, 154 , 198. 

Bromacetic ester. 

Heat at 150° C. 
for 8 hours. 

Ethyl mercuric bromide, 
traces of ethyl acetate. 

S(‘ll and Lippmann, J. prakt. 
Chem., 1800, ( 1 ), 99 , 432. 


1 Diinhaupt, J, praJet. Chem., 1854, [11, 6 i, 423; Annalen, 1854, 92 , 379. 

2 Marvel and Gould, J. Amer. Chem. Soc., 1922, 44 , 153. 

® Hein, Waglcr, and Retter, /ier., 1925, 58 , [B], 1500. 

* Ghira, Aiti. R, Accad. Lincei^ 1894, [5], 3 , i. 298; Gaz:etta, 1894, 24 , i. 311. 
® Krause, Ber., 1920, 59, [B], 935. 

® Berthelot, Compt. rend., 1899, 129 , 918. 

’ Walden, Zeitsch. physikal. Chem., 1903, 46 , 180. 

* Crymble, Trans. Chem. Boc., 1914, 105 , 658. 
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RrariinjJ! Sul)- 

siJUK'O. 

(^mditions of 
Reaction. 

Resulting Products. 

UErKKKN(!K.S. 

Mercuric chlor 

Heat witli ratli<‘r 
Jess tlian (!al- 
culatcd quan¬ 
tity of 
or al(!oliolie 
solution. 

RtJiyl mercuric^ eliloride. 

lOankland, Auvnkn, IHoO, m, 
00 ; Jahresher,, IS.OO, ]). 413; 
hVanklam) and Duppa, Tmn,^. 
('hrm. So(\y 1S()3, l 6 , 415; 
Afimkn, 1804, 130 , 104. 

lMu)sph(U’UH tri- 
chlorifV'. 

Heal,. 

Ktbvl dicliloropboHpliin<‘, 
Etl^^l^. 

(biiebard, fin., 1890, 32 , 74 ; 
se(‘ Miehaelis, Jirr., 1880, 13 , 
2174. 

Ai’senic irielilor- 
idc. 

lOxeess of tri- 
eliiitride. 

Pif jjyl dielil«»roarsitie. 

La Co.st(‘, Aiindlr)}, 1881, 208 , 33. 

Antimony Iri- 
elilori<l(*. 


l^Itliyl uKU’ciirie chloride, tri- 
<*lliyl.stibine. 

fhiekton, Trans, t7/ry//,.ASV;r., 1863, 
16 , 22; Jahrrshcr., I8(i3, ]». 
470. 

I’otaHsium imu- 
inan,i^an}\ 1 e. 

Soil mixture in 
a(ju<‘ouH Solu¬ 
tion. 

Htbyl nKU’curic hydroxide. 

Seidel,./. prali. Chvrn., 188-1, (2). 
29 , 131. 


Heat. 

Mercury, combustible gas. 

Buckton, he. fit. 

Iodoform. 

H('a.t lo 00 '’ 

Acetylene, ethyhme, «'tbyl 
mercuric iodide, ethyl 
iodide. 

Suida, Maimish., ISSO, i. 710. 

Allyl iodide. 

Heat at 120 - 

ir>(rc. 

Diallyl, (‘thyl mercuric 
iodide, ethyl iodide. 

do. 

rh(‘nyl iododi- 
cldoridc. 


Iodol)cnzene, ethyl (ddoride, 
<'thyl mercuric ehhuide. 

VVillgi'rodt, Ikr., 1897, 30 , C)7; 
1898, 31 , 021. 

JMicnyljirsenions 

Huiphide. 

Heal,. 

Phenyl diethyl arsine, mer¬ 
curic sulphide. 

Mbdiaelis and Scliulte, />>r., 1882, 
15 , 1950. 

Araeiioben 7 .ene. 

Heat to loir (1. 

Phenyl diethyl arsine, me¬ 
tallic mercury. 

Michacdis and Schulte, he. cU.; 
Ber., 1881, I 4 , 1952. 

Nialium. 

Heat to 100 
170" C. 

Sodium ethyl. K(juai vol¬ 
umes of etliane and ethy¬ 
lene. 

Schorigin, Btr., 1910, 43 , 1931 ; 
r/. Buckton, Anmtlm, 1850, 

112 , 220 . 

Sodium and car¬ 
bon dioxide. 

Substanctfs 
heatc'd iji ether 
solution and 
gas passed in. 

1 Projuonic acid (sodium salt). 

1 Schorigin, livr., UMI 8 , 41 , 2722. 

Sodium and ben- 
zophenoiio. 

Soflium and 

methyl ester of 
benzoic acid. 

Sodium and 

lionzaldebydt^. 

KtJier solution in 
hydrogen or 
nitrogen atmo¬ 
sphere. 

Do. 

Kthyld iphcnylcarbinol. 

Diethy Iphenylcarbim d. 

fithylphenylearbinol. 

do. 

do. 

d«>. 
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Reactions of Mercury Diethyl— 


Eoactinji^ Sub- 
stanc(\ 

OonditioiiH <»f 
Roaetion. 

Resulting Products. 

References. 

Maj^nesium. 

H(^at at m° 0 . 
for 36 hours. 

Magnesium diethyl, mer¬ 
cury. 

Ijiihr, Anmlen, 1891, 261 , 48; 
Mrek, Anmkn, 1893, 276 , 129. 

Reryllium (glu- 
ciniim). 

Heat at 135° C. 
in scaled tube. 

Beryllium diethyl. 

Oalioni's, Vompl. rend., 1873, 76 , 
1383 ; Jahresher., 1873, r)20. 

Oadtnium. 

Heat at 100- 
130” a 

Cadmium diethyl (not free 
from mercury). 

Frankland and Duppa, Trans. 
Ohrm. Soc.y 1S64, 17 , 29; 
Annakn. 1864. 130 , 117. 

Zinc. 

Heat at 100” C. 
for 36 hours. 

Zinc diethyl, mercury. 

do. 

Copper. 

Heat at 160” C. 
for 6 -6 hours. 

Slight amalgamation and a 
gjis evolved. 

do. 

Aluminium. 


Aluniinitim triidJiyl. 

Cahours. Annrden, 1860, 114 , , 
242 ; Biicktoii and Odiing, 
A nnnknBupply 1 866,109 113; 
Proc. Hoy. 8or.. 1866, 14 , 19. 

Iron (reduced 
from JK'squi- 
oxido by hy- 
drogeui). 


Metallic mercury, no tract* of 
organic compound. 

Frankland and Dnppa, hr. rit. 

Bismuth. 

Heat at 120- 
140” C. 

Bism\ith tricthyl. 

dr). 

Silver, gold, zir¬ 
conium. 

Heat at 160” C. 

No organic compounds. 

do. 

Tellurium. 

•• 

Tellurium diethyl. 

Zr*iser, Rrr., 1896, 28 , 1070. 


Mercury di-n-propyl, lIg(C 3 ll 7 ) 2 , may be obtained: 

1. Two hundred ^^rams of n-propyl iodide arc treated with 0-2 per 
cent, sodium amalgam, in presence of 30 grams of methyl acetate. 
The resulting paste when treated with dilute potassium hydroxide, tlien 
steam distilled, yields an oil which is impure mercury dipropyl.^ 

2. By the interaction of magnesium propyl bromide and mercuric 
(ihloride or bromide.^ 24-3 grams of mercuric bromide are added in 
small portions to the Grignard reagent from 23 grams of n-propyl 
bromide and 4-3 grams of magnesium in 100 c.c. of ether. All the 
mercuric bromide goes into solution and the reaction is accompanied by 
violent boiling, the mixture after boiling on the water-bath for one hour 
being decomposed by water. Extraction with ether yields 4*5 grams 
of mercury propyl bromide and 6-0 grams of mercury dipropyl, B.pt. 
189® to 191® C. A small quantity of metallic mercury is also obtained. 

1 Cahours, CompL 1873, 76 , 135; Jahresber.y 1873, j). 617; Schtscherbakow, 
J. Russ, Phys, Chem. *Sfor., 1881, 13 , 363; CUm, Zenlr.y 1881, 620; Goret, Bull. Soc. 
Pharmaeolf 1922, 29 , 297; Chem. Zentr.y 1922, (iii.), 1371. 

8 Marvel and Gould, J. Amr. Chem. Boc., 1922, 44 , 163 ; Goddard, Tram. Chem. 80 c., 
1923, 123 , 1168. 
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Mercury di-n-propyl is a liquid having a faint odour which becomes 
very penetrating when heated, B.pt. 189° to 191° C., 75° to 77° C. at 25 min. 
It is insoluble in water, more readily in alcohol, and very soluble in ether. 
At 16° C. its density is 2124, and at 0° C. 2 046.1 

1. When the compound is distilled it undergoes partial decom- 
position and mercury separates out.^ 

2. It reacts with iodine very vigorously, forming propyl iodide and 
propyl mercuric iodide, but with 2 mols. of iodine, propyl iodide and 
mercuric iodide, whilst bromine water yields brilliant laminic of propyl 
mercuric bromide.*^ 

3. When boiled with acids, pro^jane is evolved and liropyl mercuric 
salts formed.^ 

4. With tin tripropyl iodide it yields tin tctra])roj)yl.*‘* 

5. Zinc dc‘Composes mercury diproj>yl at 100° to 120° C, with the 
formation of zinc diprojiyl ; alununiurn at 130° C. yields aluminium 
tripropyl, and beryllium give's beryllium diprojiyl. 

6. When treated with thailie chloride, propyl meri'uric eliloride, 
thallous chloride, and thallium dipropyl chloride are obtained.^ 

Mercury di-isopropyl, B.pt. 119° to 121° C. at 125 mm.; ^ iij) 
1-532. 

Mercury di-n-butyl, B.pt. 120° to 123° at 23 mm. Yield 47 per 
cent. 

Mercury di-isobutyl may be prejiared as follows :— 

Fifty grams of isobutyl iodide and 10 grams of ethyl acetate are 
shaken with a considerable excess of 0-25 per cent, sodium amalgam. 
After eom])letion of the reaction the whole is treated with water and 
t lluT, the ether layer extracting the mercury dialkyl and di-isobuiyl, tlie 
latter being removed by distillation in steam. Again take up in ether, 
and dry the ethereal solution over calcium and fractionally distil, when 
mercury di-isobutyl distils at 140° C. at 70 mm.^ Mercury di-isobutyl 
is a liquid having a fec-ble odour when cold, but becoming penetrating 
when hot. It is volatile in steam and boils at 205° to 207° C. ; density 
at 15° C., 1-835 ; at 16° C., 1*719 ; at 0° C., 1-747.’ When treated with 
halogens it yields isobutyl halides and isobutyl mercuric halides. By 
heating at 150° C. with metallic zinc for thirty-six hours, and Jraction- 
ating the resulting product in hydrogen, zinc di-isobutyl is obtained, 
wliilst aluminium at 120° to 125° C. reacts rapidly with the mercury 
compound to yield aluminium tri-isobutyl. 

Mercury di-sec-butyl is obtained as follows :— 

1. This compound is obtained in good yield when iru‘thyl ethyl 
ketone is electrolysed, using a mercury cathode. The best yields are 
produced at temperatures between 45° and 50° C., using a current of 
25 amperes per square decimetre and a voltage of 7*6 to 8-4. The 
cathode liquid consists of the ketone with about thirteen times its 
weight of 30 per cent, sulphuric acid, the anode liquid being 20 per cent. 

^ Cahours, Oompt. rend., 1873, 76 , 749. 

^ Sohtscherbakow, loc. cit, 

® Cahours, loc. cit. 

* Goddard, he. cit. 

® Marvel and Gould, he. cit. ; seo Tafel, Her., 1900, 39 , 3020. 

“ Marqiiardt, Ber., 1888, 2 I, 2035; Cahours, (Jompl. rend., 1873, 77 , 1405; J, prakl. 
Ukem., 1873, [2J, 8 , 397 ; Chapman and Smith, Trans. Chem. Soc., 1860, 22 , 103 ; Ponzio, 
Gazzetta, 1900, 30 , (ii.), 24 ; Ssokolow, J. Buss. Phys. Chem. Soc., 1887, 19 , 202 . 

’ See Louise and Roux, Compt. rend., 1888, 107 , 601. 
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sulplnirie acid. In two Jioiirs the aiiKuuit of crude mercury diulkyl is 
1*3 times the weight of ketone used, and the })roduct is then distilled in 
a high vacuum to juirify it.^ 

2. The solution from 12 grams of magnesium, 75 grams of see- 
butyl bromide in 500 c.c. ether, is tn^ated with 45 grams of mercuric 
chloride, and the mixture then boiled for eight hours on the water-bath 
and decomposed in the usual way. Yield 00 ])er ceiit.^ 

Mercury di-scc-butyl is a colourless oil, B.])t. 40“ C. at 0*3 mm., 
91“ to 93° C. at 15 mm., 93° to 90° C!. at 18 mm. ; density 1 -703 at 20° C. ; 
III) 1*511 at 20° C. It cannot be distilled under ordinary j)rcssur(\s 
without decomj)osition, and when its etluT solution is treated with 
iodine, sc(^-butyl iodide and see-butyl mercuric iodide are formed. 

Mercury di-tert-butyl is })rcpared in the manner described 
above. A considerable amount of tert-butyl mercuric bromide is pro¬ 
duced during the reaction. The yield of the menajry dialkyl is only 
9 j)er cent., Ii.pt. 78° to 82° C. at 5 mm., and even at tliis low pressure 
a large amount of the substance is deeomj^osed, even the final ])ro- 
duct containing some hydrocarbon. Density 1*749 at 20° C. ; Ud 
1*521. 

Mercury di-isoamyl. —This compound may be prejmred in the 
same way as mercury di-isobutyl by replacing the isobutyl iodide by 
isoamyl iodide. It is a colourless, trans]>arent, mobile licpiid, possess¬ 
ing a faint amyl odour, and cannot be distilled even in vacuo without 
partial dc'comjiosilion, although it is volatile in st(‘am without decom¬ 
position. If heated above 140° C. considerable (piantities of mercury 
separate. Its boiling-point at 70 mm. is 172° C., and the density at 0" C. 
is 1*6063.3 

Mercury di-isoamyl is insoluble in water, slightly in alcohol, but 
readily soluble in ether. It does not oxidise in air, but when dropj)ed 
into chlorine it forms isoamyl mercuric cliloride. In contact witli solid 
iodine it reacts with a hissing sound, and the reaction with bromine is 
still more violent. An ethereal solution of mercury di-isoamyl treated 
first with alcoholic and then with solid iodine gives isoamyl mercuric 
iodide and isoamyl iodide. Treatment with an excess of mercuric 
chloride in alcohol yields isoamyl mercuric chloride. 

With sodium, sodium isoamyl is formed, but in ethereal solution in 
a stream of carbon dioxide, isobutyl acetic acid results.'* Mercury di¬ 
isoamyl heated with zinc in a sealed tube for thirty-six hours at 130° C. 
yields zinc di-isoamyl.The mercury compound and glacial acetic acid 
heated for sixteen hours at 200° C. give isopentane, metallic mercury, 
and amyl acetate.® Treatment with thallic chloride gives isoamyl 
mercuric cliloridc and thallous chloride.’’ 

Mercury di-tert-amyl. —To the solution from 12 grams of 
magnesium and 80 grams of tert-amyl bromide in 500 c.c. of ether, 
40 grams of mercuric bromide are added and the product worked up in 
the usual way. Yield 9 grams (21 per cent.). The liquid boils at 80° 

1 Tafel, Ber., 1906, 39 , 3626. 

2 Marvel and Calvery, J. Amer. Chem. Soc., 1923, 45 , 820. 

® Frankland. and Duppa, Tram, Chern. Soc., 1863, 16 , 415 ; Annahriy 1864, 130 , 104 ; 
Marcpiardt, /icr., 1888, 21 , 2035. 

* Scliorigin, Ber., 1908, 41 , 2722 ; 1910, 43 , 1937. 

® Frankland and Duppa, Tram. Chem. Soc., 1864, 17 , 29 ; Anmlcn, 1864, 130 , 117, 

Jones and Werner, J. Amer. Chem. Soc., 1918, 40 , 1257. 

’ Goddard, Tram, Cfiem, Hoc., 1923, 123 , 1168. 
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to 84® C. at 5 mm., and even under these conditions shows considerable 
decomposition. Density 1-649 at 20® C.; nj) 1-492 at 20® C.^ 

Mercury di-n-heptyl ^ is prepared in 90 per cent, yield by the 
Grignard reaction. It distils at 119® to 122® C.; density 1-474 at 0° C.; 
nr) 1*4935 at 21® C. 

Mercury di-n-octyl —Octyl iodide is treated with dilute sodium 
amalgam in the presence of ethyl acetate, and after comj^letion of the 
reaction the mass is extracted with ether. Eva})oration of the soh’^ent 
gives an oily liquid of density 1-342 at 17° U., which decomposes at 
about 200® C. into di-octyl and metallic mercury. When the starting 
materials arc ])ure it is stated that no by-products occur. Mercury 
di-n-octyl is insoluble in water, but readily soluble in alcoliol, ether, or 
benzene. Treatment with alcoholic iodine or mercuric chloride yields 
the corresponding di-n-octyl mercuric halides. 

Mercury di-sec-octyl — To the solution from 8 grams of 
magnesium and 70 grams of sec-octyl bromide (2-bromo-octane) in 
500 c.c. of ether, 21 grams of mercuric chloride are added, and after 
boiling for six hours the product is worked up in the usual way. It is 
found to be impossible to distil the compound under 3 mm. pressure, 
owing to its case of deconq^ositioji with the formation of mercury. 
The weight of crude ])roduct is about 48 grams (52 per cent.); density 
1-338 at 20® C. ; n,> 1-334 at 20® C. 

Alkyl Compounds of thk Type RHgX. 

The following salts of the methyl series have been prepared: — 

Methyl mercuric hydroxide has recently been obtained in the free 
state, and its solution may be obtained by boiling mercury dimethyl with 
concentrated potassium permanganate and filtering off the manganese 
dioxide, the filtrate b(‘ing strongly basic and yielding salts with acids.® 
A similar solution is also obtained when methyl mercuric iodide is 
treated with water and silver oxide.^ If the silver oxide be replaced by 
potassium hydroxide, Frankland states that the oxide is obtained which 
is soluble in excess of the reagent. The solid hydroxide is formed when 
moist silver oxide reacts with methyl mercuric iodide in methyl alcohol. 
It melts at 95® C., is a weak base, acid to jjhenolphthalein but alkaline to 
litmus.'^ 

The chloride, M.pt. 170® C., forms pearly plates, density 4*063,® 
which are volatile in steam. It has been prepared in several ways: 

1. By the action of concentrated hydrochloric acid or phosphorus 
trichloride on mercury dimethyl.® 

2. By the addition of hydrochloric acid to the solution of methyl 
mercuric hydroxide described above. 

3. From the compound of stannous chloride and mercury di¬ 
methyl by treatment with water.® 

^ Marvel and Calvory, J, Amer, Ghem. Soc., 192.3, 45 , 822. 

* Hager and Marvel, J, Amer, Ghem, Soc,y 1926, 48 , 2696. 

® Eichler, Ber„ 1879, 12 , 1879. 

^ Marvel and Calvery, he, ciU 

® Seidel, J, prakt. Ghem., 1884, [2], 29 , 134. 

^ Frankland, Annalen, 1853, 85 , 361. 

’ Sneed and Maynard, J. Arner. Ghem. Sac., 1922, 44 , 2942. 

* Schroeder, Ber., 1879, 12 , 563. 

* Buckton, Annalen, 1858, 108 , 103; Jahreaber., 1858, p. 388. 
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4. 25 grams of mercuric chloride are dissolved in 10 per cent, 
hydrochloric acid and shaken with 15 grams of aluminium carbide, when 
heat is evolved and the methyl mercuric chloride is distilled out in 
steam.^ (Yield 80 per cent.) 

Crymblc ^ has shown that compounds of the base Mellg- arranged 
in order of increasing absorptive power are as follows: MclTgOII, 
—Cl, —Br, —I, the absorption of the alkyl haloid always being less than 
that of the corresponding dihaloid compound.® The conductivity of the 
chloride in liquid ammonia has been investigated by Franklin,'^ and 
the molecular weight determined in methyl or ethyl sulphide solution 
has been shown to be normal.® 

The bromide was used by Oymble in his investigations on absorption 
sj)ectra, and the melting-})oint was stated to be C. It can be 
prepared in the same way as the chloride. 

The iodide was discovered in 1852 by Frankland,® who showed that 
methyl iodide and metallic mcreury when exj)osed to sunlight or diffused 
daylight combine to form mercury methyl iodide. Other methods oi’ 
preparation are; 

1. Treatment of mercury dimethyl with iodine or mereurie iodide."^ 

2. By treating the chloride in aqueous solution with i)otassium 
iodide.® 

3. From magnesium methyl iodide by treatment with an excess of 
mercuric chloride. Yield 85 to 88 per cent.® 

4. Dimercurimethylene iodide is treated with aqueous potassium 
iodide or dilute hydrochloric acid.^® 

The compound crystallises in pearly plates, M.pt. 148” C., insoluble 
in water, fairly soluble in alcohol, easily in methyl iodide and ether. It 
sublimes without dceomjmsitiou and yields the oxide with alkalies or 
ammonium hydroxide, whilst ammonium sulphide ]U'ecij:)itates the 
sulphide in faint yellowish flocks.Distillation with potassium cyanide, 
potassium hydroxide, or metallic potassium gives mercury dimethyl. 
Its molecular weight in methyl or ethyl sulphide is normal.^® 

The bicarbonate is formed by ])assing carbon dioxide through a 
methyl alcoholic solution of the hydroxide. It is a granular ])owder, 
M.pt, 123” C. When dissolved in carbon disulphide it yields the 
mercaptan, silvery plates, M.pt. 143” C., MellgSII.’® 

The nitrate forms colourless jdates, M.pt. 100” C’., and may be j)re- 
j)ared from the iodide by treatment with silver nitrate. It is very 
soluble in water, less soluble in alcohol. 

The sulphate is a crystalline compound obtained by the action of 
conc^*ntrated sulphuric acid on mercury dimethyl.^® 

^ Hilpert and Ditmar, Ber., 1913, 46 , 3738. 

® Crymble, Trans. Chem. Boc,, 1914, 105 , 658. 

® Cf. Ley and Fischer, Zeitsch. anorg, Chem., 1913, 82 , 338. 

^ Franklin, Zeitsch. physikal. Chem., 1909, 69 , 299. 

® Werner, Zeitsch. anorg. Chem., 1897, 15 , 37. 

® Frankland, Annalen, 1853, 85 , 363; Jahresber., 1852, p. 574. 

’ Buckton, Annalen, 1858, 108 , 103; Jahresber., 1858, p. 388. 

® Hilpert and Ditmar, loc. cit. 

® Marvel and Gould, J. Amcr. Chem. 80 c., 1922, 44 , 153. 

Sakurai, Trans. Chem. 80 c., 1881, 39 , 485. Frankland, loc. cit. 

Werner, loc. cit. 

Koten and Adams, J. Amer. Chem. 80 c., 1924, 46 , 2768. 

Streoker, Annalen, 1854, 92 , 79. 

Buokton, loc, cit. 
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Acetate. —This conipoiiiid was ftrst obtained by heating mercury 
dimethyl and glacial acetic acid in a sealed tube for one hour, then 
recrystallising the product from glacial acetic acid.^ The melting- 
])oint given was 142° to 143° C., but recently Sneed and Maynard ^ have 
shown this to be inaccurate, and obtained the product by the following 
methods, each giving a substance M.pt. 128° C,: (1) Treatment of 
mercury dimethyl in methyl alcohol solution with mercuric acetate. 
(2) Neutralisation of the hydroxide with glacial acetic acid. (3) 
Action of silver acetate on the iodide. (4) Action of ethyl acetate on 
the hydroxide. The acetate is very soluble in water, alcohol, or acetic 
acid, is volatile in steam, and with concentrated hydrochloric acid or 
iodine yields the (corresponding halides. 

Sulphide. —This substance may be obtained from the iodide as stated 
above or by the action of hydrogen sulphide on a solution of the chloride.^ 
It is a white body of characteristic smell, and when warmed it decom¬ 
poses, forming mercury dimethyl and splitting off mercuric sulphide. 

Ethyl Series, - Hydroxide.—A solution of this compound may be 
})repared by boiling mercury diethyl with pcTtassiurn permanganate 
solution, see methyl mercuric hydroxide.^ l)unhaupt ^ obtained the 
hydroxide as a cc^lourless oil by boiling ethyl mercuric chloride in spirit 
with silver oxide, filtering off the silver chloride, then distilling off the 
spirit and drying the procluct in vacuo over sulphuric acid. It is easily 
soluble in water or spirit and has all the properties of a strong base. 
With ammonium chloride it liberates ammonia and forms the chloride 
of the base, and with solutions of salts of copper, alumiruum, iron, tin, 
gold, or platinum it j^reeipitates hydroxides. With metallic zinc it forms 
zinc amalgam and zinc diethyl, whilst hydrogen sulphide gives a white 
j)recipitate which soon turns yellow and finally black. When treated 
with acids the hydroxide yields salts in the usual way ; with alkaline 
stannous chloride solution it is reduced to mercury diethyl and mercury.^ 
The chloride may be obtained: (1) From the hydroxide by hydro¬ 
chloric acid or ammonium chloride. (2) By mixing a warm alcoholic 
solution containing one molecular proportion of mercuric chloride with 
mercury diethyl.'^ (8) By the action of concentrated hydrochloric 
acid or antimony trichloride on mercury diethyl.® (4) From mercury 
diethyl and phenyl iododichloride.® 

The chloride crystallises in silver glistening plates, M.pt. 190° to 
193° C., density 3-482, wliich sublime on gentle warming and are easily 
soluble in boiling alcohol, with difficulty in ether, and insoluble in water. 

Bromide. —This compound has similar properties to the above 
chloride, and may be prepared from the hydroxide by the addition of 
hydrobromic aci(i, by treating an alcoholic solution of mercuric bromide 
with triethyl bismuthine or by heating mercury diethyl and ethyl 

^ Otto, AnrKihn, 1870, 154 , 198. 

2 Sneed and Maynard, J. Armr. Chem. Soc., 1922, 44 , 2942. 

® Hiliiort and Ditmar, Ber., 1913, 46 , 3738. 

* Seidel, J. prakt. Chem.f 1884, [2], 29 , 134. 

® Diinhaupt, J. prakt. Chem., 1^4, [IJ, 61 , 399; Annalen^ 1854, 92 , 379. 

® Bimroth, Ghem. Zentr., 1901, i. 461; Ber., 1902, 35 , 2853. 

^ Frankland, Annalen, 1869, III, 60; Jahreeber., 1859, p. 413. 

® Buokton, Annalen, 1869, 109 , 220; Jahreaber., 1858, p. 390; Trans. Cham. Boc., 
1863, 16 , 22 ; Jahreaber. ^ 1863, p. 470. 

® Wiilgerodt, Ber., 1898, 31 , 921. 

DtinJiaupt, J. prakt. Chem., 1854, Ll]» 61 , 399; Annalen, 1854, 92 , 379; Schroder, 
Ber., 1879, 12 , 563. 
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monobronioacetate at 150° C. for eight hours. The reaction in the latter 
case takes place according to the equation : 

CH2Br.COOC2H5 + (C2H5)2Hg-C2H5HgBr+CH3COOC2H5+CH4i 

The bromide crystallises in pearly plates, M.pt. 193*5° 

Iodide, —Combination takes place between ethyl iodide and metallic 
mercury when exposed to diffused daylight, with formation of ethyl 
mercuric iodide.*'^ This may also be obtained by the addition of an 
alcoholic solution of iodine to ethyl mercuric hydroxide,^ or from 
mercury diethyl by boiling for one or two days with allyl iodide. 
Another ])reparation from mercury diethyl is to heat for several days 
at 120° C. with iodoform, wlien the iodide, ethyl iodide, ethylene, and 
acetylene are formed.^ 

The iodide, M.pt. 1S2° C., crystallises from ether-alcohol solution in 
colourless plates which have a very pungent odour. It sublimes with¬ 
out decom 2 )osition at 100° is soluble with diOiculty in water, and 
is decomposed by light. 

Sulphide,- -When ammonium sulphide is added to an alcoholic 
solution of ethyl mercuric chloride, a yellow 2 )reeipitate is thrown down 
which is soluble in excess of the reagent. It may be recrystalliscd from 
ether, but evaporation of the alcoholic solution soon leads to de(‘om- 
l^osition of the eom 2 )ound. 

Mercaptan, Et.HgSIT.—By dissolving the bicarbonate in carbon 
disulphide, silvery plates, M.pt. 104° C.,^ of the mercaj)tan arc obtained. 

The sulphate crystallises in glistening plates, when silver suljdiatci 
is added to ethyl mercuric chloride in alcohol. It is also formed when 
concentrated sulphuric acid reacts with mercury diethyl.’ 

The nitrate was only obtained by Dunhauj)t as an oil, but Streeker 
succeeded in isolating it in jmsms which were very soluble in alcohol, 
but less soluble in water. 

The acetate, M.j^t. 178° (^, has similar j)roperties to tlie (K)rresix>nd- 
ing methyl compound and may be prepared in similar manner.® 

The '2,\,Mrinitrohenzoat£ is formed by treating the substituted 
benzoic acid in alcohol with a similar solution of ethyl mercuric hydroxide. 
It forms white jdates, M.i)t. 164° C. When heated at 165° U. it yields 
ethylmercuric 2.4.0-trinitrophenyl, yedlow iH'edles, M.jd. 86° C.® Diin- 
haupt, by treatment of ethyl mercuric chloride with silver jdiosphate, 
isolated the phosphate as a crystalline mass very soluble in water, also 
he mentions a cyanide which is crystalline, very volatile, and of repulsive 
odour. 

The thiocyanate is formed from the chloride by the action of sodium 
thiocyanate (1 mol.) in acetone solution. It crystallises from benzene 
in glistening j^lates, M.pt. 131° to 131*5° 

1 Dunhaupt, J, prakt. Chem,, 1854, [ 1 ], 6 i, 399; Anmkn, 1854, 92,379; Sell and 
Lippmann, J, prakt. Chem., 1866, [ 1 ], 99 , 431; Buckton, Annalen, 1859, 112 , 221. 

® Marvel, Gauerke, and Hill, J. Amer. Chem. Soc., 1925, 47 , 3009. 

® Frankland, Annakn, 1859, m, 59; Streeker, Annakn, 1854, 92 , 76. 

^ Diinhaiipt, Zoc. cit, 

® Suida, Monatsh., 1880, i. 715; Jahresher., 1881, p. 940. 

® Koten and Adams, J, Amer. Chem. 80 c., 1924, 46 , 2768. 

’ Buckton, Anmden, 1858, 109 , 220 ; 1859, 112 , 221 ; Jahresber., 1858, p. 390 ; 1869, 
p. 408 ; J, prakt. Chem., 1860, l, 79; Schorlcmmer, Annakri, 1864, 132 , 234. 

* Otto, Annakn, 1870, 154 , 198. 

^ * Koten and Adams, loc. cit. 


Steinkopf, Annakn, 1921, 424 , 69. 
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n-Propyl Series.^— n-Propyl mercuric hydroxide is difficult to obtain 
in a crystalline condition; it is a strong base, forming salts with strong 
and weak acids. 

The chloride may be formed from the base, by boiling mercury 
dipropyl with hydrochloric acid or by the addition of mercuric chloride 
to mercury (li])ropyl in alcoholic solution. It crystallises in white 
scales, M.pt. 143^ C. 

When bromine or bromine water is added to mercury dipro])yl, or 
the base is treated with hydrobromie acid, jmqxyl mercuric bromide is 
obtained in leaflets, M.pt. 188° C. The compound is also formed as a 
by-product in the ])rcparatioii of mercury dipropyl from ])roj)yl 
niagnesium Imnnide and mercuric bromide.^ 

Iodine combines vigorously with mercury dipropyl to form the 
iodide^ M.j)t. 118° C.; this crystallises from alcohol in }>latcs which have 
a disagreeable odour. 

The acetate from mercury dij>roj)yl and accdic anhydride, or acetic 
acid and the corresponding hydroxide, is crystalline, M.])t. 57° to 58° C. 

Isopropyl Series.^ — iso-propyl rnercuric hydroxide is formed by 
treating the halides with moist sil\'er oxide, and has ojily been obtained 
ill solution. It reacts with acids, giving ris(‘ to the following compounds : 
chloride, needles, M.})t. 97° C. ; bromide^ needles, M.pt. 98° C. ; iodide, 
plates, M.])t. 125° C. ; acetate, M.jit. 95° C. ; cyanide, M.pt. 85° C. ; 
sulphide, M.])t. 00° C. 

n-Butyl Series.- - When n-butyl magnesium bromide is treated with 
an excess of mercuric chloride, a mixture of equal parts of n-butyl mercuric 
chloride and bromide arc formed.^ The chloride melts at 127‘5° C. ; the 
bromide at 129° C. ; the iodide at 117° C.^ 

iso-Butyl Series. —Solutions of isobutyl 'mercuric hydroxide may be 
obtained in the usual way, and salts pre))ared by the addition of acids. 
Mercury di-isobutyl reacts with iodine, giving a crystalline isobutyl 
mercuric iodide/* The bromide melts at 55-5° C, and the iodide at 72° 
sec-Butyl Series.— When mercury di-sec-butyl is dissolved in 
alcohol and treated with aqueous hydrochloric acid the sec-butyl mercuric 
chloride separates out as an oil. This may be solidified by cooling in a 
freezing mixture. The crystals obtained melt at 80*5° C.** 

The bromide is prejiared as above using hydrobromie acid, and melts 
at 89° C. The iodide forms colourless, unstable crystals when the 
dialkyl is treated with iodine.® 

tert-Butyl Series. — tert-Butyl mercuric bromide, —An excess of 
mercuric bromide is added to well-cooled Grignard reagent from tert- 
butyl bromide and after an hour the whole decomposed with wat er, the 
ether layer removed and dried over calcium chloride. Spontaneous 
evaporation of the ether gives a product, M.pt. 10G° C. (decomp.). It is 
rapidly decomposed in bright sunlight.^® 

^ Cahours, (Jompt. rend., 1873, 76 , 135, 749, 750; Jahresber., 1873, p. 517; Goret, Bull, 
Sci, Pharmacol., 1922, 29 , 297 ; Chetn. Zentr., 1922, iii. 1371. 

* Goddard, Tram. Ghem. 80 c., 1923, 123 , 1168. 

® Goret, he. cit. 

* Marvel and Gould, J. Amer. Chem, 80 c., 1922, 44 , 153. 

® Marvel, Gauerkc, and Hill, he, cit. 

® Cahours, Compt. rend., 1873, 76 , 1403. 

, ’ Marvel, Gauerke, and Hill, he, cit, 

® Marvel and Calvery, J. Afner. Chem. 80 c., 1923, 45 , 821. 

* Tafel, Ber., 1906, 39 , 3631. Marvel and Calvery, he. cit. 
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n-Amyl Series. — n-Amyl 7}iercuric bromide^ obtained in the usual 
way, melts at 122° C.^ 

iso-Amyl Series. — Isoamyl mercuric chloride'^ is formed when 
mercury di-isoamyl is treated with chlorine gas or alcoholic mercuric 
chloride. It melts at 8C° C., sublimes without decomposition, and is 
very soluble in ether or hot alcohol, insoluble in water. From alcohol it 
crystallises in hair-like needles. The bromide melts at 80° C. When an 
ethereal solution of mercury di-isoamyl is treated first with alcoholic 
iodine, then with solid iodine, it yields isoamyl iodide and isoamyl 
mercuric iodide. The latter recrystallises from hot alcohol in small 
pearly plates, M.pt. 122° C., very soluble in ether, slightly soluble in 
boiling water, insoluble in cold water, and partially decomposed by 
alcoholic potassium hydroxide. In the molten state it turns yellow at 
140° C., owing to the separation of mercuric iodide. It may be sub¬ 
limed without decomposition in a current of air.^ 

tert-Amyl Series -tert-Amyl mercuric bromide is pr(?})are(l in the 
same manner as the tert-butyl compound. It crystallises from alcohol 
if the solution is kept below 50° C., M.pt. 82° 

Hexyl and Heptyl Series. — n-Hexyl and ndieptyl mercuric bromides 
melt at 118-5° C. and 114-5° C. respectively.^ 

n-Octyl Series.^ —The hydroxide is formed when an alcoholic 
solution of the chloride is boiled for five hours with freshly precijiitated 
silver oxide. It crystallises in shining yellow plates, M.pt. 75° U., 
readily soluble in cold alcohol, less soluble in hot alcohol, insoluble in 
cold water. The compound is a strong base and precipitates metallic 
salts from solutions of ferric cliloride, potassium alum, zinc sulphate, or 
eopj)er acetate. In the latter case the grey precipitate on warming is 
reduced to metallic copper, whereas with the alum, the preeij)itate is 
soluble in excess of the precipitant. The base also expels ammonia 
from its compounds. 

The chloride is obtained as a white j)reei])itate by the interadion of 
mercury di-n-octyl and mercuric chloride; the iodide by the us(^ of iodine?. 
The latter forms a white glistening precipitate, easily soluble in alcohol. 
The bromide melts at 109° C.’ 

sec-Octyl Series,®— The bromide is obtained from excess of mer¬ 
curic bromide and the Grignard reagent from sec-octyl bromide. It 
forms crystals from alcohol solution, M.pt. 98° C.® 

Allyl mercuric iodide, ClIg-CH-CHg-Hgl.i" Allyl iodide 
containing a trace of dissolved iodine, readily reacts with mercury. If 
mercury be shaken with some iodine, then with allyl iodide, an evolu¬ 
tion of heat takes place and the mass becomes solid. This may be 
avoided to some extent by mixing the allyl iodide with alcohol. The 
iodide crystallises from alcohol in silvery scales, which turn yellow on 
drying. It commences to volatilise at 100° C. and melts at 135° C., 
^ Marvel, (Jauerke, and Hill, J. Avier. Ghem, Soc., 1925, 47 , 3009. 

® Marvel and Cal very, J. Ani>er. Chem. Soc., 1923, 45 , 821. 

® Frankland and Dupjm, Tram, Chem, Soc., 1803, 16 , 415 ; Aniiakn, 1804, 130 , 104. 

* Marvel and Calvery, loc. cit. 

® Marvel, Gauerke, and ITiU, loc. cit. 

« Eichler, Her., 1879, 12 , 1879. 

’ Marvel, Gauerke, and Hill; loc. cit, 

® Eichler, he. cit, 

® Marvel and Gould, J. Amer, Chem. 6'oc., 1922, 44 , 163. 

Zinin, Anmhn, 1855, 96 ,303; Linnemann, AnnaUn Suppl,, 1865, 3 , 262; Annalen, 
1866, X 40 , 180. 
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decomposing at higher temperatures with evolution of gas and forma¬ 
tion of a yeJlowish-red residue. The iodide is sparingly soluble in cold 
alcohol and insoluble in water. When subjected to dry distillation, 
diallyl, metallic mercury, and mercuric iodide are formed. Hydrogen 
sulphide or iodide decompose it, propylene and mercuric salts being 
obtained. Iodine yields allyl iodide and mercuric iodide. Alcoholic 
suspensions of silver oxide convert the iodide to the hydroxide, 

Propargyl mercuric iodide forms a yellow mass; it is prepared 
in a similar way to the allyl compound.^ 

Mercury Derivatives of Methylene Iodide. —Wanklyn and Von 
Than ^ showed that neither mercury nor zinc gave organic compounds 
when allowed to react with ethylene iodide. 

Methylene iodide, on the other hand, when left in contact with 
metallic mercury and some mercurous iodide in a sealed tube for four 
or five days, combines with the mercury.^ Two products arc produced, 
but no gas is evolved when the tube is opened. The first compound 
crystallises from boiling alcohol in slender, white needles; it is best 
purified by solution in methylene iodide and precipitation with ether, 
and is insoluble in the usual solvents. Sakurai assigned the formula 
I -cn2-iigi to the substance. This mononiercuric methylene iodide 
or iodomethyl mercuric iodide when heated with iodine in potassium 
iodide solution yields methylene iodide and mercuric iodide, and similar 
decom])osition takes })lace with chlorine or bromine. 

When one molecule of the compound and one molecule of mercuric 
chloride in alcoholic solution are boiled under reflux for one hour and 
then cooled, crystals are obtained from which the mercuric chloride is re¬ 
moved by washing with water, and the mercuric iodide by digestion with 
concentrated potassium iodide solution. Traces of soluble iodide are 
then removed by treatment with water, and the dried crystals purified by 
recrystallisation from ether. Mouomercuric methylene chloro-iodidc, M.pt. 
129° C., is thus obtained in small plates, soluble in ether, chloroform, or 
alcohol, but insoluble in water. 

I -CHa -Ilgl +B^C] 2 -Cl -CII 2 -Hgl +HgICl« 

The product formed along with the monomercuric methylene iodide 
was a white body insoluble in all the usual solvents, but yielding iodo¬ 
form with iodine. Analysis points to mercury iodoform or methine tri^ 
mercuric iodide^ CH(HgI) 3 , and the same compound was obtained by 
Hofmann ® when an ethereal solution of iodoform was allowed to stand 
in contact with mercurous chloride for a long time, 

Dimercuricmethyleneiodide or methylene di-mercuric iodide, CH 2 (HgI) 2 . 
—This compound is readily formed by the interaction of methylene 
iodide with excess of mercury in the presence of mercuric iodide in 
ether solution, the mixture merely being exposed to sunlight, the re¬ 
action taking several days for completion. The crude product is then 
digested with concentrated potassium iodide solution to remove mer¬ 
curic iodide, and rccrystallised from methylene iodide, the first product 

^ Henry, Ber., 1884, 17 , 1132. 

* Wanklyn and Von Than, Qv>art. J, Chem. 80 c., 1859,12,268, 

® Sakurai, Trans, Chem. 80 c,, 1880, 37 , 658. 

* Sakurai, ibid., 1882, 41 , 360. 

* Hofmann, Ber,, 1900, 33 , 1328, 



46 


ORGANOMETALLIC COMPOUNDS. 


being pure dimercuric compound, but subsequent croj)s of crystals 
contain some mono derivative.^ 

The iodide is a yellow crystalline powder, M.pt. 230° C., with decom¬ 
position, and is much less soluble than the mono compound in methylene 
iodide, and is insoluble in ordinary solvents. When treated with iodine 
it yields mercuric iodide and methylene iodide ; and with aqueous 
potassium iodide or dilute hydrochloric acid, methyl mercuric iodide is 
formed. 

^ Sakurai, Tram, Chem, Sac., 1881, 39 , 485, 



CHAPTER IV. 

MERCURY {continued ). 

Derivatives of Atjphatic Alcoiioi.s, Aldehydes, and Ketones. 

The earliest recorded work on the mcrcuration of alcohols was that of 
vSobero and Selmi,^ and Gerhardt,^ but none of these investigators 
obtained any definite results. Reynoso, five years later,^ described com- 
jiounds which he did not even analyse, and Cowper,'* from his work on 
the interaction of mercuihi nitrate and alcoliol, added nothing to our 
knowledge of these compounds. Tertiary alcohols were investigated by 
Deniges,^'* who treated these compounds with mereuric nitrate or sulf)hate 
and obtained orange and yellow insoluble compounds respectively. He 
never seemed very certain of the constitutions of any of his derivatives, 
but recommended that his reactions might lx* used as tests for tertiary 
alcohols. 

In 1898, K. A. Hofmann commenced his researches on the mereura- 
tion of alcohol, which led to the complex compounds to whi(?h he gave 
the nain(‘ mercarbides being isolated. These compounds have all the 
hydrogen of a methyl grou}) replaced by mercury. From this time 
onwards it has been possible to assign formuhe to most ol’ the compounds 
described. 

Dehivatives of Ethyl Alcohol. 

Ethane hexamercarbide, C2Hgg02{0H)2, or 
O-Hg Hg O 

I I I I 

Ilg- C - C—Ug 

no -Hg Ilg-OH 

This compound is the ultimate product from the prolonged action of yellow 
mercuric oxide and boiling aqueous alkali on ethyl, propyl, allyl, or amyl 
alcohols, acetaldehyde, cellulose, starch, or cane sugar; but it cannot be 
obtained from methyl alcohol, formaldehyde, or glycerol. The prepara¬ 
tion is best carried out as follows : 100 grams of yellow mercuric 
oxide, 20 grams of potassium hydroxide, and 200 grams of 94 per cent, 
ethyl alcohol are boiled for thirty-six hours, the grey residue then 
washed with water and dilute alkali, and finally with hot 20 per cent, 
nitric acid. The latter changes the base into tlie nitrate and removes 

^ 8 ober<) and Selmi, Annalen, 1861, 8 o, 108. 

® Gerhardt, Annahn, 1861, 8 o, 111. 

® Reynoso, Ann. Ghim. Phys., 1856, [3], 48 , 403. 

* Cowper, Trans. Chem. Soc.^ 1881, 39 , 242. 

« Benig^s, Compt. rend., 1898, 126 , 1043; BuU, 80 c, chim., 1898, [3], 19 . 494, 751 j 
Ann. Chim. Phys., 1899, [7], i 8 , 382. 
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metallic mercury and trimereuri-acetic acid, which is formed as a by¬ 
product.* Hofmann considered the reaction to take place in four 
stages, according to the following scheme :— 

1 . CIla.CHa.On+irgO—> CHa.CIIO-l-HaO | Ilg 


/Hg. /HgOlI 

2. ClIj.CHO+allgO—>0<. >C< -1-11,0 

^Hg/ \CIIO 


3. 



+ngO 


Mlif/ 


IlgOH 

\cooii 


+Hg 


dfg^^ ^HgOH IIOHg. Jig. 

/^\ .+. ./^'\ 

\,I./ '^COOII JIOOC"^ 


Ilg 


MI-/ 


0 Hg Hg- 0 

I r I I 

Hg - C C Hg 

iro-iig iig (^ii 


COOH 

I' I 

COOH 


The oxalic acid shown in c(|nation 4 was not actnally isolated, 
liowever. 

Ethane hcxarnercar))idc is a citron yellow to li^jht grey powder, 
becoming dark orange at 200 ° C. and exploding with great violence at 
230° C. The colour change seems to be associated with the splitting 
off of water from the molecule and the formation of an anhydride 
(CgUgfiOg), which is violently explosive. The mcrcarbidc is a decided 
base, which shows a remarkable stability towards oxidising agc'iits 
(permanganate, chromic acid, hyj)ochlorites, and hypobromites), and 
even towards aqua regia provided the treatment is not too prolonged. 
It is scarcely attacked by sulphur dioxide, hydroxylamine, or hydrazine, 
but with acids it forms salts. 

This resisting capacity distinguishes the (iom])ound from all known 
mercury derivatives, and is probably due to the protective action of the 
six menairy atoms, showing that they surround the two carbon atoms. 
Two types of salts are obtained from the base, namely: ( 1 ) C^HggOgX.,, 
(2) C,HgeXo. 

Cla.sft L 


Ethane hexamercarhide dichhride^ formed when the 

base is treated with cold 10 per cent, hydrochloric acid or a soluble 
chloride. Similarly, using potassium bromide or iodide, the correspond¬ 
ing bmnide or iodide is obtained. 

The perchlorate, CgHggO 3 ( 004 ) 2 , is a white powder, which on heating 
or rubbing ex])lodes, emitting a green flame. The nitrate forms a 
yellowish-white crystalline mass, insoluble in water and dilute nitric 
acid, decom})osing with explosion on heating; the sulphate is a white, 
sandy, fine crystalline })owder, insoluble in water; the picrate explodes 
on heating with the same violence as potassium picrate. 


Clajis IL 

Ethane hexamercarhide hexachloride, CgHgeO^, results when the base 
is treated with hot hydrochloric acid. It is a white, insoluble substance, 

^ Hofmann, Bcr., 1898, 31 , 1904; 1900, 33 , 1328. 
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whicli remains undecoinposed when heated with ten times its weight of a 
10 per cent, benzene solution of siilplmr chloride. When aqueous 
potassium polysulphide solution is used brilliant yellow needles are 
de})Osited. These, when boiled with hydrochloric *acid, yield a white 
powder, which becomes yellow on treatment with hot sodium liydroxide. 
Since chlorine atoms may be removed by means of silver nitrate, it is 
])rol)able that tlu^ halogen is attached to tlie mercury, and the following 
formula has b(‘(‘n suggested :—^ 

ClHg-CH—Hgv 

I >s 

ClHg—CH—Hs/ 

The hexa-iodide, (IHg)3C.C(lIgI)3, is formed when the base (1 mol.) 
is heated with ethyl iodide (G mols.) in ether solution for sixty hours at 
00 ° C. The intense, reddish-yellow crystals thus obtained are very 
insoluble, and contain only 1-2 per cent, of carbon. This compound 
has the lowest carbon content of any substance yet obtained. 

Whilst most carbon mercury compounds arc decom])osed by 
potassium cyanide, splitting off mercury cyanide, mercarbide nitrate^ 
after prolonged boiling with potassium cyanide, splits off mercury, with 
the formation of an intense yellow cyanide which is explosive when 
heat(‘d, luimelv : 

C3Hg4(CN)2 or IIg=C ~ C -Tig 
NC-ig Hg-CN 

The cyanide is insoluble and affected by light; treatment with 
hydrogen sulphide transforms it into a hydrosulphide : 

Tig =C - C =Hg 

HS-^IIg I^g--SH 

which is a white substance, insoluble in water, alcohol, or ether. 

Hot hydrochloric acid transforms the cyanide first to a white chloride 
(I.), which by the further action of concentrated acid changes to chloride 
(IT.) : 

ClHg. .TlgCl 

Vh -CII< ClITg -CHg -Clla -HgCl 

Clllg/ \lIgCl 

I. ir; 

The compound IT. crystallises well from ether, and can be steam 
distilled, when it separates in six-sided plates, smelling strongly of 
potassium cyanide, M.pt. 173 ° C.: these crystals are soluble in water, 
alcohol, or ether, and are volatile and poisonous. Towards phenyl 
hydrazine the compound is very stable, but with potassium iodide it 
gives the corresponding iodide, C2H4Hg2l2» which crystallises from 
alcohol or ether in quadratic plates, soluble in sodium hydroxide or 
ammonium hydroxide, stable towards dilute acid. The hydrochloric acid 
solution of the iodide with hydrogen sulphide yields a white sulphide, 
crystallisable from alcohol, but insoluble in cold 20 per cent, nitric acid. 

The above cyanide, whilst it yields a hydrosulphide with hydrogen 
sulphide, is also capable of yielding sulphides with potassium poly- 
^ Hofmann and Feigel, Rer., 1905, 38 , 3654. 
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sulphide and with a methyl alcoholic solution of ammonium poly¬ 
sulphide, the structures of these compounds bein^ as follows :— 

(H^t-CH-CH 2 .Hs) 2 S and dig-- Cllg 

ig-s-iig 


Two further sulphur compounds may be obtained from ethane 
hexamercarbide itself. (1) Hy shaking the basc^ with a benzene solution 
of sulphur chloride yt'llow crystals are isolated, which ])robably have the 
composition : 

cin«. /iigcj 


>c-c< 


ciHs/ I I \n,rci 

s-s 


The halo^^en is readily removed by silver nitrate. (2) A methyl alco¬ 
holic solution of ammonium })olysulphide when left in contact with the 
base for several weeks yields a yellow compound, to which the following 
structure has been assi^?ned ;. 

O—Hg Ilg—O 

I I I I 

Hk-C -C-Hs 

I I 

ns -iig iig SH 

Ethane hexamercarbide yields a yellow substance when treated with 
sodium bisuli)hite, the product turning grey in the light; but the base 
is easily regenerated by treatment first with hot nitric a(;id, then with 
sodium hydroxide. 

Although the base does not combine with ammonia, its salts readily 
add on this gas to form stable compounds. 

Hydrazine hydrate only slowly reduces the mercarbide, evolving 
ethane, as follows : ^ 

C^HgeO^lOH)2+3N2H4+ 0 Hg f 3N2+4H2O 

Hydrogen sulphide sjdits off a small quantity of mercuric sulphide, 
and yields a white sulphide of the mercarbide*. 

Potato starch and cane sugar also yield mercarbides,^ of composition 
CgHgOgHgg.NOa and CgHeOQHg^.NOg respectively. 


Derivatives of Allyl Alcohol. 2 

Allyl alcohol gives rise to two types of mercury compounds : 

1. Propylene glycol mercuric salts, which are considered to be 
derivatives of the unknown y-hydroxymercuri propyl cue glycol, 
HOCH2 - CHOH - CHgHgOH. 

2. Mercuridipropylene oxide salts or dipropylene oxide dimercuric 
salts, which have the constitution : 

. 0 —CHgV 

XHgCHg—CH< >CH—CH^HgX 

^CHa—0/ 

^ Hofmann, Ber., 1900, 33 , 1333. 

* Sand and Hofmann, J5cr., 1900, 33 , 1368 ; Hofmann and Sand, Rer., 1900, 33 , 2692 ; 
Biilmann, J5er., 1900, 33 , 1641; 1902, 35 , 2586; Sand, Ber., 1901, 34 , 1393, 2910 ; Stoehr, 
J, prakt. Chern,, 1897, [ 2 ], 55 , 88 . 
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First Type. 

Propylene glycol mercuric bromide, CIT 2 OII--CHOII—Cllg—HgBr, 
forms white crystals from benzene-acetone solution, which melt at 84° 
to 80° C., and decompose at 110° C. It is easily soluble in alcohol or 
acetone, somewhat soluble in water, but readily decomposed by hydro¬ 
chloric acid. The method of j>rcparation is as follows : 100 grams of 
yellow mercuric oxide are dissolved in 20 per cent, nitric acid, and the 
solution treated with pure, dilute potassium hydroxide until on shaking 
the white preeipitate of basic nitrate no longer disappears. Ally! 
alcohol is then added dropwise, with continuous stirring, and a clear 
solution is obtained; then more potassium hydroxide is added, which 
(causes a white precipitate, the latter being dissolved by the addition of 
more allyl alcohol. This process is repeated, the tcmi^erature being 
maintained at 10° C. by cooling; the completion of the reaction is 
indicated by a sudden darkening of the precipitate, afid the solution then 
has an alkaline reaction. Potassium bromide is then added, allowing 
one molecular weight of this salt for every atomic weight of mercury 
present, and after standing for twenty-four hours tlie bromide is 
precipitated by passing carbon dioxide through the iriixture. 

The corresponding iodide is prej^ared in a similar manner to the 
bromide. It may be crystallised from benzene or acetone and nults at 
about 80° C. It is more readily decomposed than the l)romide, and 
hydroeliloric or acetic acids break it down to allyl alcohol and mercuric 
salts. The presence of the two hydroxyl groups has been shown by tlie 
fact that the iodide yields a dihenzoyl derivative, M.pt. 100° C. When 
the iodide is treated with iodine at 40° C. a liquid iodohydrine is obtained. 

Second Ty 2 )e. 

Dipropylene oxide dimercuric sulphate may be prepared as follows : 
75 grams of mercuric oxide are dissolved in a mixture of 300 c.c. of 
water and 180 c.e. of dilute sulphuric acid (1 : 1) and the solution filtered. 
Thirty c.c. of allyl alcohol arc then stirred into the filtrate, and in two to 
four hours the sulphate separates out, is filtered, washed with cold 
water, and dried. Yield 00 grams. It gives a clear solution in water, 
sodium hydroxide, or ammonia, and is best purified by crystallisation 
from boiling water containing a little allyl alcohol, crystals containing 
4 mols. of water of crystallisation being deposited. The solution in 
ammonium hydroxide if treated with about three volumes of alcohol 
yields white plates, which are an addition compound of the sulphate 
with 2 mols. of ammonia. This body is completely soluble in water, but 
gives off ammonia when boiled. The addition product with potassium 
bromide yields the corresponding bromide and free ammonia. 

The corresponding nitrate crystallises with one molecule of water of 
crystallisation as a white crystalline compound. The preparation is 
similar to the sulphate, the sulphuric acid being replaced by 40 per cent, 
nitric acid. The product is soluble in alkali or ammonium hydroxide, 
and ammonium sulphide gives a yellow^ precipitate when added to these 
solutions. The aqueous solution of the nitrate has an acid reaction, and 
from it potassium bromide precipitates the bromide quantitatively. 
When dissolved in 20 per cent, ammonium hydroxide the nitrate gives 
a white crystalline body containing one molecule of ammonia, which has 
similar properties to the corresponding sulphate. 

The acetate forms small stellate crystals when allyl alcohol is added to 
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a solution of mercuric oxide in dilute acetic acid. The solution m 
water irives precipitates with potassium chloride or bromide, but not 
with ammonia or alkalies. Solutions in the latter yield white pre- 
cij)itat(‘s with ammonium sulphide. 

A cyanide, fiuljjliide, and a haftic carbonate have also been o])tained 
from the nitrate as thick white precipitates. 

The chloride is prepared by the action of dilute hydrochloric acid 
upon the nitrat(% or by usinjjf potassium (ihloride and carbon dioxide. 
When treated with moist silver oxide it yields an aqueous solution of 
the hydroxide, the latter also bein" formed when freshly preei])itated 
mercuric oxide, allyl alcohol, and water arc shaken to^^cther. llcduetion 
of the chloride by zinc and hydrochloric acid ^ives an odour of allyl 
alcohol, whilst oxidation with ]>erman^?anate causes the immediate 
(lecom])osition of the compound with the formation of oxalic acid. 

The bromide is prei)ared in the same way as the chloride, is insoluble 
in organic solvents, and melts at 251° C. It reacts with alkaline sodium 
stannite solution, y ieldin«: a brick-red compound I., which turns brown on 
exposure to li^^ht. This decomposition product w'hen extracted with 
hot benzene drives II., the corresponding mercuric compound to I. It 
melts at 190° C., is insohible in w^ater, alkalies, dilute acids, or acetone, 
readily soluble in benzene or toluene, and is decomposed by eoneentrated 
hydrochloric acid. With mercuric chloride or ])ieric acid it ^(ives })r(v 
cipitat(‘s, but remains unchanired when boiled with ])otassium hydroxide, 
cyanide, or iodide. 


Clio- 


-0 


CII. 


-o 


CH Clio- 11^?—CHo—ClI 

\ “ 

-CII^ 

I. 


CTi— Cl 12 11^—cii 2— Cl r 


o- 


n. 


\ 

-c 

—cri2 


The iodide\<^ prepared from an alkaline solution of the nitrate by the 
addition of potassium iodide. It may be crystallised from boilin^i^ alkali. 
It has M.pt. 271° C., is practically insoluble in orj^anic solvents, and 
remains unchanged when treated with 20 per cent, hydrochloric acid. 
With iodine in potassium iodide it reacts slowly, but iodine in bc^nzc'ue at 
140° C. gives di-c 7 J^-iodohydrine, to which Stochr ^ assigns the structure : 

ICHg—CH ~CH2—O 

A—CHa—Cli:—CIIjI 

Hofmann and Sand ^ showed the difference between the two types of 
compounds just discussed by the following comparisons :— 


Reagent. 

Projiylene glycol mercuric 
bromide. 

Dipropylene oxide di- 
mercuric bromide. 

Alcohol, acetone. 
HCl. 

Alkaline KI. 

„ KCN. 

HjS. 

CaH^Og—HgBr. 

M.pt. 84-86° C. 

Easily soluble. 

Rapidly decomposed. 

No precipitate, 
do. 
do. 

(C3H,02~HgBr)2. 

M.pt. 251° C. 
Insoluble. 

Unattacked. 

White precipitate, 
do. 
do. 


' Stoehr, J. praU, Chem^^ 1897, [2j, 55 , 88 . * Hofmann and Sand, Ber„ 1900, 33 , 2700. 
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Similar properties are shown by tlie respective iodides, whose melting- 
points are about 80^ C. and 271C. 


DjLiiavATivKs oi*’ Aldkiiydks. 


Very little satislaetory work has been done on the mercury com¬ 
pounds of tlic alij^hatic aldehydes. The chief reason for this is the fact 
that m(’rcuri(; aettate is soon reduced by aliphatic aldehydes, paralde¬ 
hyde, acetals or aldoses, mercurous acetate scj)aratinj|^^ out.^ 

Leys ^ used a reagent consisting of one gram of mercuric oxide in 
100 c.(^ of 5 ])er cent, sodium sulphite, solution as a test for aldehydes 
eontainingtlie grouping —-CII^.CHO. If a few drops of acetaldehyde be 
added to this solution in the cold and an ecjual volume of dilute sodium 
hydroxide, a heavy white precipitate is obtained, to which Leys assigned 
the formula: 


Ilg 


. 0 , 

CILCII< 

\0 


Ih 


The author stated that the only substances which yielded pre¬ 
cipitates with the reagent were terpenes, and acetone or acetyl acetone 
on warming. 

Hofmann,'*^ by the interaction of acetaldehyde , inercurie oxid(‘, and 
atpieous sodium hydroxide, only obtained aldehyde resin, but with ])ar- 
aldehyde a small quantity of a base was produced, C 2 llgo 04 llj 5 , which 
corresponds to ethane hexamercarbide. 

Later, tiu? same investigator, using another mercuric salt, succeeded 
in ol)laiiiing a Jiiore deiinite compound.^ 

Chloratodimercuracetaldehyde, 

llg-C -CHO 
Ilg-C 103 

forms colourless, lustrous prisms, more explosive than mercury fulmin¬ 
ate. The com])ound is readily produced by the addition of an alcoholic 
solutioji of acetaldehyde to a solution of mercuric oxide in aqueous 
chloric acid. When treated with potassium hydroxide or cyanide, 
aldehyde resin is produced. 

Aiild and llantzsch,^ from acetaldehyde and mercuric oxide in 
slightly alkaline solution, obtained a base, trimcrcuridialdehyde hydrox¬ 
ide, which readily polymerised to a \vhitc powder, (C 4 ll 805 Hg 3 )j,. The 
latter decomposes without melting at about 100"^ C. and is insoluble in 
the usual organic solvents, decomposed by dilute hydrocliloric acid 
with formation of acetaldehyde and mercuric chloride, but not affected 
by dilute acetic acid. The investigators state that this is a delicate 
test for the presence of small quantities of acetaldehyde, since it detects 
the presence of one part of aldehyde in 6000 parts of water.® 

^ Lasserre, J. Pharm. Ghim,, 1905, [vt], 22, 246; Chem. Zmtr., 1905, ii. 1125. 

* Leys, J. Pharm. Ghim., 1905, [vi.j, 22 , 107 ; BuU. Soc. 1905, [3J, 33 , 1520. 

3 Hofmann, Bf.r., ]898, 31 , 1904. 

^ Hofmann, ibid.^ 11X)5, 38 , 1999. 

^ Auld and Hantzsch, Ber., 1905, 38 , 2684. 

^ for chloratotrimercuracctaldoliyde, {>ercliloratomerouracetaldehyde, and nitritodi- 
mcrcuracetaldohyde, see the action of acetylene on mercuric chlorate, j>erchlorate, and 
nitrate. 
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Dkkivatives of Ketones. 

It was stated tliat ali])liat.ie aldehydes or aldoses reduced mercuric 
acetate, hut no such reduction is noticed witli ketones or ketoses.^ 
Nevertheless most investi^^^ators differ as to the products derived from 
ketones, and it is wry dillicult to say whether many of the conijxmnds 
descrihed are truly or^ranonietallic or in(T(‘Iy e()inj)lex addition ])roduets 
of the ketones. For the sake of rc'aders interested in these derivatives, 
the Ibllowiiijf ta])Ie is inserted to summarise these com]K)unds of doubtful 
structure. 'Phe ketone used in these investit,^ations was acetone. 


PRODUCTS DERIVED FROM ACETONE AND 
MERCURIC SALTS. 


Merciiry Sail Uk<^(1. 

Product r.solaUul. 

U KKKHKNJ’KS. 

Alkaline nK'rcuricj 

Me2(U).211gr). 

Lass(‘iT(‘, J. Pliurtn. 

1905, fvi.J, 22 , 24(). 

(/ono. nuT(iiiri(! sul- 
]»hat-(‘ snlntioii. 

3M( .j( >i ).5Hg( ).r> H 2 S( > 4 . 

Biilmaiin, Bvr., 1902, 35 , 2584. 

Mercuric sulpJiak. 


Jhunges, A tm. Chim. Phys., 1899, 
|7J, 18 , 382 ; Bull. Sor. rhini.. 
1898, [31, 19 , 491, 751. 

Mercuric oxide, 

Hodiuin Jiydroxide, 


Hofmann, //rr., 1898, 31 , 19(M ; 
Kutsehtu’ovv, Bvr., 1884, 17 , 20. 

Mercuric; chloride in 
alkaline solution. 

2M(.5(‘(h3llgO. 

Il(‘v Holds, (^hi'hi. .Wo/’.v, 1871, 
23 , 217 ; /)\ 7 -., 1871, 4 , 48.3. 

Mercuric sulphate. 

4Mea(!( KOMgO.OllgSO.. 
Me2C0.3Hg().2HgS()4. 

1 ( )]>]K‘nla‘inH‘j’, Bvr.. 1899, 32 , 
980 ; Hofmann, 1898, 31 , 399 . 

Mercuric chloride, arn- 
moniurn cJdoridc, 
liy dr( )xy lanimoni u in 
chloride. 

2Me2(’().r)Ug(!4.2NH,C1.2 

(NHgOH.HCI). 

(Irigorowitsch, Chant. Zentr.f 
1900, i. 743. 

Mercuric suljjhak*. 

oMc^t H). 12 UgU. 8 Ug«( > 4 . 

Dtmiges, Ami. Chini. Pht/s., 
1907, I8J, 12 , 401. 

Do. 

Using inonoohloroacctone, 
MeCOCHaCl.SHgO. 

2HgSO,. 1 

Denigos, Ami. Chim. Phijs., 
1899, [7], I 8 , 382. 


The work now to be described relates to compounds from acetone, 
which are far more definite in constitution, although very complex. 

Interaction of Acetone and Mercuric Cyanide ,^—To a solution of 11 
grams of mercuric cyanide in 120 c.c. of ethyl or 30 c.c. of methyl alcohol 
is added 1-5 grams of sodium in 40 c.c. of alcohol. After twenty-four 
hours any precipitate is filtered off and 1-25 grams of acetone added to 
the clear solution; a dense white precipitate is formed, which is filtered 
off and washed free from cyanide. This product is decomposed by 
dilute hydrochloric acid, yielding acetone and hydrogen cyanide : 

C5H20N2ng3+6HCl-C3H,0+2lICN+3HgCl2 

' Lasst'rre, J. Pharm, Chim., lOOf), [vi.], 22 , 240. 

a Marsh unci Fleming Struthers, Trans. CUm. Soc., 1905, 87 , 1878; Proc. Chem. aSoc 
1905, 21 , 248. 
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A similar product is formed when acetone and mercuric cyanide react in 
presence of sodium hydroxide, and the reaction may occur according to 
the equation : 

C3He0+3Hg(CN)2=C5H20N2Hg3+4HCN 


The constitution assigned to the compound is 

.CH.HgCN 

Hg/ CO 

\cH.HgCN 


Tetra-acetoxymercuri diacetone hydrate.—This substance is 
prepared as follows: ^ 25 grams of dry ])owdered mercuric acetate and 
50 grams of acetone (made from bisulphite compound) are heated under 
pressure at 100 ° C. for two hours. The solution after cooling and filter¬ 
ing does not ])roduee a yellow coloration when treated with potassium 
hydroxide. Evaporation on th(i water-bath gives a yellow oil, which is 
taken up in 95 per e(Mit. alcohol, and after a time white flocks appear. 
These arc filtered off, washed with alcohol, and recrystalliscd from 
alcohol containing a IV'w drops of acetic acid, the resulting j^roduct melt¬ 
ing at 157° C. The course of the reaction is probably as follows, the 
acetone reacting in the enolic form :— 


CH., 


Clla.C-OII 


IIg(OAc)3 


llX-HgOCOCHg 
“| .O.CO.CH 3 
ll3C.C( 

' \oii 




H,C-H,0C0CH3 2Hg(OAc)3 

^ I \HgOCOCir3 

I ^0C0CH3 


HC 3 -C =0 




Ji'' 

^HgOCOCHj 


lie/ 

I \HgOCOCH3 

I /Oil “ 

H3C-C/ I yOll 

\OH H3C-C<—— 


/HgOCOCIIs CH 30 C 0 Hg. 
lie/ >CH 

\HgOCOCH3 CIIaOCOHg/ I 


HOn 


- 0 - 


C-CHs 


^ Saad and Genssler, Ber., 1903, 36 , 3699. 
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This acetate, treated with 20 per cent. hydroeJiloric acid and 
potassium cyanid<' solution, splits uj) into acetone and mercury salt ; 
whilst potassium hydroxide gives tJie eorresj)onding iefra-hydroji/' 
mercuri compound. An aqueous solution of the* acetate when decom¬ 
posed with 10 per cent. })otassiuni hydroxide yields a white precipitate 
of an oxide having the constitution : 




11C<( >0 

you 


o< 


/H«\ 

UCh 


O 


ClI 


Tliis oxide is iiisoJiiblo in water and orffanic^ solvents. TJic acetate 
with sodium chloride or oxalates yields tlie eorresjwauling; salts, the 
former beiiif; a very insoluble eompound posscssiiiff no melfing-j)oiid . 

Tri-mercuri diacetone hydroxide, ^ 


IlOlIjr—Cil-IlfT- Cll- IIgOII 

I 1 ' 

Cllg- C(OH)—O C(Oll) CII, 

The mercuric oxide ])rcciiutated from 20 grains oi' mercuric chloride 
is well washed, and whilst moist treated with a solution of about 6 c.c. 
of acetone in 100 to 150 c.c. of water, a few dro|)s of baryta added, and 
the whole well sliaken until a solution is obtained. Th(‘ baryta is 
))recij)itated by carbon dioxide, the latter nanoved by a current of air, 
and the barium carbonate filtered off. KvaporationOf th(‘ iiltratc on 
the water-bath gives a thick syru]), which forms a clear solution in water 
and reacts slightly alkaline. Its electrical conductivity is us follows :— 


/X -:-0 018, 

/x=-0022, 


i;-:256\ 
u=512 J 


at 18° C. 


Dilute hydrochloric acid gives the corresponding dichluride, 
ClHg~CII-Hg HgCl 

HjC -Oh)—0—C(011 ) -CII 3 


as a coluurloss powder, easily soluble in aniline or pyridine, with dillieulty 
in alcohol, and practically insoluble in water. When heated it become^ 
yellow and melts at about 110 ° C. 

It forms a, plutinichlmide, an amorphous product exploding suddeidy 
at C-'. 

The corresponding dibromide forms small wliitc needles, M.pt. l‘J7° C., 
which are soluble in warm alcohol, ether, or pyridine. The di-iodide is so 
easily decomposed by acids that it cannot be i)repared in the same way 
as the foregoing compounds. The base is lirst treated with potassium 
iodide, then with dilute, acetic acid, when a faint yellow precipitate is 
obtained. This consists of small needles, M.pt. 104° C., which arc 
insoluble in water, more soluble in alcohol or ether. 

The base forms a picrate which contains 6 mols. of water of 
crystallisation, and is somewhat soluble in hot water; its conductivity 
p, is 0-042, at a dilution, v, of 1100 at 25° C. 

^ Auld and Hantzsch, Ber., 1905, 38 , 2684. 
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Wlien the base is exposed to suiilijnrht or treated with acids or alkali 
it is converted to an insoluble polymer.^ Tlie base or its jiolynicr, wlien 
boiled witli alkali, is decomposed, yielding water, acetone, and acetone 
inercarbidc, which is identical with Hofmann’s compound, 


Cll,—CO—c 




HgOlI 


Concentrated hydrogen halides or oxyacids also deeom))ose the base, 
immediately, giving acetone and a mercuric salt. Jiromine in potassium 
bromide with the base yields mercuric bromide and ^/.v-dibromoacctone ; 
wliilst hydrogen sulphide precipitates mercuric sul])hidc from the base. 


Derivative of Mcthylethyl Ketone, 

From tliis ketone, by nleans of mercuric ac(‘tat(‘, Lasserre- is stated 
to hav(^ obtained a comjiound of similar constitution to the one lie 
isolated from acetone, 

(COMeEt)2.alIgO 

Hy using tlu; same methods as for acetone Sand and Chaisslcr ® 
isolated a body resembling that from the lower kedone. \Vhen Ihis eoni- 
]K)und is treated with alcoholic ])i(!ric acid it yields a ])ierat(s which 
crystallise s from benzcne-aectic acid and has had the following oxonium 
constitution assigned to it:— 


H3C—C 
II 3 C-C 


^HgO.CO.CHa 


ClIaCO.OHg 




-CIL 


^HgO.CO.Cll3 CIl3C0.01Ig/ 

/OH HO\ 

--O - -^C—CII 3 




>Vith tlie above exception, none of the higher ketones yield derivatives 
of delinitc constitution. 


* S<jc Reynolds, Chem. 1871, 23 , 217 ; 1871, 4 , 483. 

^ LaHserro, J Pharm, Vlmn., jvi. |, 22 , 240. 

“ Sand and (jionsslcr, JJer., 1903, 36 , 3699. 
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MERCURY (continued). 

Derivatives of Aliphatic Acids—Derivatives of Formic 

Acid. 

The follo\viu<jr coiiijiouikIs, althou|rli vvrittt'n as (Ierivati\ es of forniic acid, 
have never i)een obtained from tlie tK*i(i or its esters. The forinuhe 
assigned to them below are those due to Sehoeller, Sehrauth, and Essers,' 
althongli Manehot ^ considers them to ])e molecular addition compounds 
of the type CO.Hg(OR)X. 

Acetoxymercuriformic methyl ester, AeOlIg.COgMe. The ])re- 
paration and details for isolating this compound are the same as those 
given for the preparation ol‘ acetoxymereuri-cthylmetliyl ether, the ethy¬ 
lene in the latter experiment now being replaced by carbon monoxide. 
The yield is 88 per cent. It crystallises in stellate aggregates of fine 
needles, M.]it. 110° C., easily soluble in alcohols or chloroform, sparingly 
in warm water, acetic acid, acetone, or })enzenc, and with diiriculty in ether 
or petroleum ether. Carbon monoxide is split off when the salt is warmed 
or treated with 5-Normal hydrochloric acid, and the salt is deeom- 
jioscd by gentle warming with dilute sulphuric acid. Gently warmed 
with nitric acid it yields carbon dioxide. Aqueous or alcoholic ammonia 
splits out metallic mercury. When treated with dilute hydrochloric 
acid the chloride is obtained, long needles, M.]it. 110° C. The bromide 
crystallises in white plates, decomposing at 127° to 128° C., and the 
iodide has a similar appearance but is very easily decomposed. 

Acetoxymercuriformic ethyl ester is prepared by the action of 
carbon monoxide on an ethyl alcohol solution of mercuric chloride, but 
the absorption takes three times as long as in methyl alcohol. The 
compound sinters at 05° C, and melts at 125° C. It is easily soluble in 
acetone, chloroform, or ethyl acetate, less so in warm water, ether, or 
benzene, sparingly in cold water, and insoluble in ligroin or petroleum 
ether. It crystallises in warty needles. The chloride crystallises in 
plates, melting at 88° C. with decomposition; the bromide and iodide are 
similar compounds. A sulphide has also been obtained as a yellowish- 
white precipitate. 


Derivatives of Acetic Acid. 

Bromomercuri-acetic acid, HgBr.CHg.COgH—A methyl alco¬ 
holic solution of ethanol mercuric bromide is treated with bromine and 
potassium hydroxide, a white crystalline precipitate being obtained. 

1 Hchoeller, Sehrauth, and Essers, J?er., 1913, 46 , 2869 . 

* Manehot, JBcr., 1920, 53 , 984. 
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It crj^stallises in colourless needles, M.pt. 198° C., not decomposed by 
hydrochloric acid. With potassium iodide solution a yellow iodide is 
formed. 

Some bromide is formed when ethanol mercuric bromide is oxidised 
by permanganate, but the main j^roduct of the reaction is oxalic acid.^ 

Anhydride of hydroxymercuri-acetic acid.^ —This derivative 
is not obtained by direct mereuration of the acid or its derivatives, but 
by degradation of jnaloiiic acid derivatives. 

(a ) Mercury malonie ester (10 grams) is vigorously shaken with 100 c.c. 
(about 1*5 mols.) of normal sodium hydroxide at 37° C. for three hours, 
when a clear solution* is obtained, which is allowed to remain at the 
same temperature for a furtlier twelve hours. After filtering and diluting 
with 200 c.c. of water, 110 e.e. of Normal sul})hiiri(! acid are added, 
when white flocks separate, and carbon dioxide is ev olved. The reaction 
is then brought to comj)letion by allowing the mixture to remain on the 
water-bath for se\ eral liours, after which the precipitate is filtered off and 
washed free Irom sul])hurie acid by decantation with hot water. The 
])roduct is then dried in vacuo over ])hosphorus pentoxide, when a horny 
mass is obtained. Yield 5 to 5*0 grams, which is some 90 per cent, of 
the theory. 

(h) Malonie acid (100 grams) and 120 grams of solid sodium hydrox¬ 
ide (about 3 mols.) are dissolved in 300 to 100 (‘.e. of water and heated 
to boiling, when 200 grams of preei])itated mercuric oxide (1 mol.) arc 
slowly added during half an hour. The oxide goes into solution, and 
the liquid is then diluted to about 1500 e.e. by the addition of 950 grams 
(1*5 mols.) of sulphuric acid (15*9 j)er cent.). It takes several hours to 
evols c the carbon dioxide completely, after which the product is filtered 
off and washed free from suljihuric acid, a nearly theoretical yield being 
obtained. 

Mono- and trimolccular formuhe have been projiused for the com- 
j)ounds I. and II., whilst lliilmann believes that the preparation (b) yields 
a product to which he gives formula III.^ 


CII 2 - c=o 

Cll^-CO-OUg 

-CH, 

1 

1 

^Ilg.CO, 

1 1 

1 

CO,.lIg—( 

iig—6 

Hg 

1 

CO 

1 

Hg=^c/ 

\COOH 

.coon 

I. 

0 —co-civ 

11. 

-HgO 

CO,.Ug-( 

III. 

y 

^Hg.CO 

. 1 


The anhydride towards 200° C. becomes brown, and at 250° C. 
explodes. It is insoluble in the usual solvents, but soluble in alkalies 
and alkali salts, yielding hydroxymercuri-acetic acid, HOIIg.CIIg.COOH. 

The sodium salt of this acid is obtained by dissolving the anhydride 
in 1 mol. of sodium hydroxide and evaporating the solution in the absence 
of carbon dioxide. Needles arc deposited, which are fairly soluble in 
water, giving a solution alkaline to litmus, but the salt is insoluble in 

^ Sand and Singer, Animhn, 1903, 329 , 166. 

2 Schrauth and Schoellcr, Ber., 1908, 41 ,2090; Gorman Patents, 208634, 213371. 

^ Biilmann and Witt, Ber., 1^9, 42 , 1067. 
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the usual orjGfanie solvents. When treated with aiunioiiium sulphide, 
mercury sulphide is precipitated, and witJi solutions of metallic salts 
the ditlieultly sohd)le metallie salts of the acid arc- i)reeipitated, e.g. 
vo])j>('r sul])haie yields (HOHtx.CHgCOO)^!!. The calcium^ silver^ 
mercury, and lead salts are wJiite. ])owders. 

Anhydride of hydroxymercuri-diacetoxymercuri-acetic acid.^ 
■ -Dry mercuric a(?etate and freshly distill(‘d aeeti(^ anhydride are Jieated 
at 100° C\, niilil a test portion of the solution ^^ives Jio jmeipitatc of 
mereurie oxide, when treated with sodium liydroxide. A mercury 
tieriNative of ac^etie a(^id is thus obtained as a hue miero-erysiallinc 
prccijiitate, liavin^f the eom[)osition : 



This acetal(; is insoluble in ori^anie solve nts, dissolves with deeom- 
j)ositi<)n iji hydroehlorie aeid, but is soluble in cold 20 per cent, nitric 
aciel with formation of a nifro-acefaie, 


^CtK "^llgNO., 


which may be ])reeipitat(‘d by the addition of a hiro(‘ bulk of water. 

Doth the above eom])ounds are non-explosive, but th(‘ free ba,se 
j^repared by decomposing' the diaeetale with cold potassium Iiydroxide 
is an exceedingly explosive eotnpound. It is colourless, easily soluble 
in cold 20 per cent, hydrochloric aeid or in i)otassium cyanide solution, 
and has the constitution : 



C< >0.51120 

\C.O/ 


When heated to 100° C. it loses water and carbon dioxide, forming 
probably a niethune derivative, 

/Hj(\ 

0 < 

\Hg/ 

This com|)omul when reduced by sodium amalgam yields mercuric 
acetate, Nvhilst jiotassium iodide forms the corresponding iodide. 

Mercuri-hydroxymercuri-acetic acid,^ 


Hg-C-COOH 

Ag-OH 

The sodium salt of the acid is obtained when sodium acetate, mercuric 
oxide, and concentrated alkali arc heated together at 110° to 120° C. 
for tNvo to three hours and the melt extracted with water. The residue 
remaining is a polymer of the preceding compound, and is insoluble in 

1 Sand and Singer, Ber., 1903, 36 , 3707. 

2 Hofmann, Ber., 1899, 32 , 870; Chem. Zentr., 1899, i. 1024. 



MERCURY. 61 

alkali or adds. It dissolves, however, in nitric acid, and addition of 
water precipitates the tnlrale^ 

[(N03nK.){nff-)c.cooiiL 

as a yeJIowish-white erystalJine mass, wJiieh decom])Oses on lieatin^ or 
on treatment with hot dilute hydroehlorie acid or potassium eyaiiide. 
Sodium earhonate or 5 per cent, potassium hydroxide e()rn"(‘rts tliis 
nitrate to the liijdroivide, tnit prolonj^(‘d warming’ with eonetaitratt'd 
alkali yields salts. A ]K>tassimn hydroxide solution of the nitrate 
on addition of alcohol j^ives a precipitate of a yellow potassium salt 
of the formula, 

Cjrir 203 llK.C 2 lT^^ 20 .,ll 2 . 2 lT 20 , 

and this is deeom])osed by dilute hydro(thlori(* acid to the chloride, 

(cin^r)2iic.cooii. 

The nitrate of mereiiri-hydroxymereuri-ae(‘tie acid is precipitated from 
alkaline solution by dihii(‘ nitric acid as a voluminous pr(‘ei]»itate. which 
crystallises from 10 pe r cent, nitric acid in loti.i>' needless. 

Dihydroxymercuri -iodomercuri-acetic acid, 

IIOUg^^/ITgl 
llOIFg/ \C001I 

Whereas mereuri-hydroxyniereuri-acetie acid derivatives are formed 
when sodium acetate, mercuric oxide, and concentrated alkali are heated 
together, the niplacerncnt of the oxide by rncreurie iodide leads to the 
production of the sodium salt of the above iodomcreuri compound when 
the action is carried out at 105® C. The derivative crystallises in yellow 
plates, which are only decomposed with difficulty by hydrochloric or 
hydrobromic acids. The free acid is obtained by the action of dilute 
nitric acid on the sodium salt, and it crystallises in ^yreenish-white })lates, 
which are partly decomposed by hot dilute hydrochloric acid, and com¬ 
pletely by potassium cyanide solution, whilst potassium iodide gives a 
strongly alkaline liquid which is yellow. This iodide with dilute silver 
nitrate solution gives the nitrate, (N 03 Hg)(H 0 Hg) 2 .C.C 001 I, as a 
yellowish-white crystalline powder, w^hich decomposes on heating, and 
is insoluble in water or 3 per cent, nitric acid, but soluble with ])artial 
decomposition in hydrochloric acid, potassium cyanide, or iodide 
solutions. 

Trichloromercuri-acetic acid, (ClHg) 3 C.COOn.—When an alco¬ 
holic solution of mercuric chloride is boiled for twenty hours with 
sodium ethylate, acetate, or propionate, the mercarbide, C 2 Hg 4 Cl 4 , is 
obtained in glistening scales. It is soluble in hot alkali, and dilute 
hydrochloric acid precipitates the above chloride from the solution, 
a black residue remaining, which is a mixture of mercury with di- and 
trimercuri-acetic acid. The mercapbide, I., when warmed with sodium 
hydroxide or potassium cyanide, is decomposed, mercury sejjarating and 
a strong odour of aldehyde resin being noticed. Heating with mercuric 
oxide and potassium hydroxide at 105° to 110® C. gives the explosive 
base II.: 
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CIHg\ yCl 

>c-c/ 

ir/ \ 


cilli 


Ilf? 

I. 


IlfrCl 


HOHgv /HgOH 

\Hg/ \lfrX 


It. 


Halogen substituted acetic acids have not been investigated to any 
great extent as to their capacity for forming mercury derivatives. 
Hofmann ' isolated the compound, HgCl.CIlCl.COOII.KCl, by boiling 
sodium nionochloroacetate with mercuric oxide and alkali in aqueous 
solution. The compound crystallises from alcohol in silky needles, 
which are decomposed by dilute hydrochloric acid into mercuric chloride, 
j)otassium chloride, and glycol; })y sodium hydroxide into mercuric 
oxide and sodium glycollate. 


Dktuvattves of CvANOACF/rrc Actt).2 


Hydroxymercuricyanoacetic acid, 


hooc.ch.cn 

JlgOlI 


When J3-24 grams of mercuric oxide (0015 mol.) and 1-7 grams of 
cyanoacetic acid (0*02 mol.) in 30 c.c. of water arc shaken together for 
two days, the mercuric oxide dissolves and a white crystalline precipi¬ 
tate is deposited (4*4 grams), which is soluble in alkalies forming salts. 
Attempts to j)repare the same compound from aqueous cyanoacetic acid 
and mercuric acetate failed to give the same result. The sodium salt 
of the acid is obtained in good yield when sodium cyanoacetate is shaken 
with mercuric oxide, and the jwtassium and barium salts are ])reparcd in 
the same way. The potassium salt is also obtained when mercuric 
cyanide and potassium cyanoacetate react in alkaline solution. 

The ethyl ester is prepared by adding an a(pu*ous solution of mercuric 
acetate (3-36 grams in 100 c.c.) to the ethyl ester ot cyanoacetic acid in 
methyl alcohol (2-4 grams in 00 c.c.), when C-2 grams of the ester 
separate as a snow-white crystalline precipitate. The methyl ester is 
also crystalline and prepared in a similar manner. 

By treating a neutral solution of mercuric nitrate with ammonium 
cyanoacetate, Meves ^ obtained a mercury compound of indelinite com¬ 
position. Petterson, by adding ammonium cyanoacetate solution, 
0-02 mol., to an aqueous solution of mercuric acetate, 0 03 mol., obtained 
in two days a white flocculent precipitate, which split off mercuric oxide 
when treated with sodium carbonate. The following formuhe have 
been pro})oscd for the substance :— 


CN CN 

C.COO-IIg-OOC.CH, 

Jig-o -Hg 


CN 


CN 



C—COOH HOOC—C 


and 


Hg.-0^-Hg 


CN CN 

HC.CO—O-CO.CH 
HgO—Hg-OHg 


» Hofmann, 5cr., 1899, 32 , 870; Chtm, Zentr,, 1899, i. 1024. 
* Petterson, J. prakt. Chem., 1912, 86 , 462. 

2 Meves, Annnkn, 1867, 143 , 204. 
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Dkkivatives of Benzoylacktk^ Acid.’ 

Anhydro-a-hydroxy-mercuribenzoyl acetic acid, Cgllg.CO— 
ClI—CO—O—II^.—Three ^rranis of benzoyl acetic acid in 50 c.c. of 


chloroform arc boiled for one minute with an excess of yellow mercuric 
oxide and filtered. The filtrate is evaporated to dryness, the residue 
extracted twiee with ether and dried. Yield 1-3 jrrarns. The compound 
is white, decomposes at about 290° C., and is readily soluble in hot chloro¬ 
form or sodium hydroxide, but insoluble in water or ether. Dilute 
hydrochloric acid decomposes it, forming mercuric chloride and benzoyl 
acetic acid. 

Mercury-bis-benzoylmethane, (C 6 ^ 5 COCH 2 ) 2 II^?.—Five grams 
of yellow mercuric oxide are added to 1-3 grams of benzoyl acetic acid 
in 50 c.c. of 95 per cent, alcohol, the mixture heated to boiling and 
filtered. The residue is boiled with 20 c.c. of alcohol, filtered, and the 
two filtrates combined. Dilution with water and cooling in ice yields 
0*8 gram of a very ])ale yellow precipitate, M.pt. 159-5° C. The eom- 
})ound is soluble in hot alcohol or acetone, but insoluble in water or ether. 
An alcoholic solution of the compound does not give a j^reeipitate of 
mercuric oxide when treated with sodium hydroxide, but ammonium 
sul})hide gives an immediate precipitate of mercuric sulj)hidc. With 
mercuric chloride it yields the following compound:— 

Benzoylmethyl"mercuric chloride. —The above compound in 
hot 95 j^er cent, alcohol is heated with mercuric chloride until the 
mixture no longer gives a test for mercuric ions when treated with 
sodium hydroxide. The mixture, after dilution and cooling in iee, gives 
a preeijutate melting at 140° C. This eom])ound is identical with that 
})n*pared by the direct mercuration of aceto})henone, i.e. phenacyl- 
mercuric chloride, see p. 196. 


Derivatives of Nitro-acetic Esters.^ 

Ethyl hydroxymercuri-aci-nitro-acetate anhydride, 

0< >C.C0,C,H5 

\llg/ 

This compound is formed as a white precipitate from the interaction 
of ammonium fld-nitro-acetate and mercuric chloride in aqueous solution. 
It sublimes when carefully heated, detonates when strongly heated, and 
when ignited burns with a luminous flame. In bases it dissolves readily, 
but is almost insoluble in boiling water. Treatment with bromine in 
potassium bromide solution forms ethyl dibromonitro-acetate, and 
potassium iodide removes the mercury from the anhydride as mercuric 
iodide. 

Prager considered the formation of the anhydride to be preceded 
by the formation of ethyl chloromercuri-aci-nitro-acetate, 


1 Kharasch and Staveley, J. Amer, CKem. Soc.^ 1923, 45 , 2966. 

* Scholl and Nyberg, Ber., 1906, 39 ,1956; Prager, Monatsh,, 1912,33,1285; Steinkopf. 
Awnalen, 1923, 434 , 21. 
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AOnKt 

CH^NO; 

and it is prohalde that this romponnd is formed when the anhydride 
dissolves in dilute hydroehloric aeid. and the eorresjKHidin" ctjamde 
when potassium cyanide is used as solvent. 

The sodium (iri-nitro eomf)ound is a f^^reenisli-yellow substance, 
formed when the anhydride is dissolved in sodium hydroxide and ihe 
solution eva])orated with exclusion of atmospheric carbon dioxid(‘. 

Tlu‘ followin^r formula has been assigned to it:- ■ 

/COgEt 

C^NOgNa 

\ir^?OTi 

iso-Propyl hydroxymercuri-aci-nitro-acetate anhydride, 

.NO. 

COJ^r\C( >0 

is formed when mereurie chloride is added to an acpieous solution of the 
ammonium salt oi‘ iso})ropyl aei-nitro-aeetate in tlu' }>resenee of sodium 
aeetat(‘, and ihe isohutyl and isoamt/l derivatives may be prepar'd in 
the same way. Tlie general physical ])roperties of thest‘ eom[)ounds are 
the same as those ol' the above ethyl derivative, save that potassium 
iodide does not react with their alkaline solutions. 

Deiuvatives of substituted Acetic Acids.^ 

Many investigators have attempted to isolate mercury derivatives 
from aceto-acetic ester, but the results have been so varied that no 
reliance can be placed on any of the early work on this compound. 
Kharaseh and Staveley,^ however, have obtained definite results by 
lieaiing inereury salts of substituted acetic acids in vacuo, e.g, di- 
metliyl and diethyl aceto-acetic acids when dried and ht'ated in vacuo 
at 90'' C. evolve carbon dioxide, and the mercury becomes bound to the 
carbon atoms which were formerly attached to the carboxyl groups 

Heat 

[CTl3C0.Ch:t2.C02l2Hg —^ [CH3C0.CEt2-]2Hg+2C02 

Mercury bis-a-acetyl-a-isopropyl or Mercury-bis-aceto-di- 
methyl-methane, (CH 3 CO.CMe 2 --l 2 llK'—Mercuric dimethyl aceto- 
acetate is heated in a vacuum at 90"^ C., when it is found to lose two 
molecular equivalents of carbon dioxide, which is shown by the loss in 
weight. The resulting mass is extracted with acetone, and the solvent 
removed in vacuo, the product isolated melting at 120° C. It is soluble 
in acetone, alcohol, toluene, or xylene, but only slightly soluble in ether. 
Mercuric sulphide is split off from it by the action of ammonium sulphide, 
but no mercuric oxide is formed when sodium hydroxide is added. The 
compound soon decomposes with the deposition of metallic mercury. 

J HelUm and Opiienheim, Ber., 1877, lo, 701 ; Hofmann, Ber., 1898, 31 , 2212 ; Ley, 
Bet., 1900, 33 , 1014 ; Biilmann, Ber., 1902, 35 , 2585 ; Michael, Ber., 1905, 38 , 2090. 

• Kharaseh and Staveley, Atner. Ohem. Boc., 1923, 45 , 2961. 
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Aceto-dimethyl-methyl-mercuric chloride, CII^CO.CMea— 
HgCl.- -To 1*8 grains of the ])recediiig conij)oii]i(l in 15 c.c. of alcohol, 
1-4 grams of mercuric chloride dissolved iji 80 c.c. of 05 per cent, alcohol 
arc added, and the whole boiled for live minutes. On coolin^% white 
crystals, M.pt. 124*5° C., are deposited. Yield 1*1 ^,^rams. 

In a similar manner, commencing with mercuric aa-diethylaceto- 
acetatc, the following compounds liave been obtained, their pro])erties 
being analogous to those of the methyl compounds :~- 

Mercury bis-a-acetyl-a-ethylpropyl or Mercury bis-aceto- 
diethylmethane, [CIlgCO.CEta —JssHg, M.i)t. 100° C. ; Aceto-diethyl- 
methyl-mercuric chloride, ICIl^CO.CEta- JllgCl, M.pt. 77” C. 

Diazo-acetic Esters.^ —Mercuric oxide dissolves in the cooled ethyl 
ester of diazo-acetic acid, and the product is extracted with ether. From 
the ethereal solution yellow, rhombic crystals of niercunj his-dinzn-aceiir 
(ihifl ester are deposited, tlu* parameters ol‘ which are a : b : c 0*4510 ; 
1 : 0*72527. The crystals melt with decom]K)sition at 104° F., and arc 
affected by direct sunlight, mercury separating out. The substance 
(‘xplodes on concussion and is volatile in steam, with some decomposition. 

The methyl ester yields a similar compound which melts with jmrtial 
decomposition at 128° C., and is less soluble in ether than the ethyl deri¬ 
vative. The methyl coni])oimd is decomposed by water at ordinary 
temperatures into mercury, nitrogen, methyl alcohol, oxalic and 
glycollie acids. 


Derivatives of Propionic Acid. 

Anhydride of a-hydroxymercuripropionic acid,^ 
CHg-CIl-CO 

iig-i 

Hydroxymercuri methyl malonic ester, I10Hg.CMe(C02Mc)2, is saponi¬ 
fied with 4 mols. of Normal alkali hydroxide and the resulting solution 
acidified by dilute sulphuric acid. The precipitate is washed, suspended 
in water and boiled until the evolution of carbon dioxide ceases, a nearly 
quantitative yield of ester being obtained. It decomposes at 150° C., 
and with halogen acids yields mercuric salts. It is insoluble in organic 
solvents, but dissolves readily in alkalies. 

j3-Mercury bis-propionic acid, IIg(CIl 2 .CH 2 F02H)2.3- This 
derivative is isolated by reducing j8-iodoiiropionic ethyl ester in cold 
ethereal solution with 0*5 per cent, sodium amalgam. The residue is 
shaken with warm Normal sodium hydroxide solution, then cooled and 
acidified with dilute sulphuric acid, which precipitates colourless crystals. 
Yield 27 per cent. It is recrystallised from hot water, and melts at 
148*5° to 149*5° C. (corr.). It is easily soluble in warm alcohol, less so in 
acetone or hot ethyl acetate, and sparingly in ether or chloroform. It is 
soluble in hot concentrated hydrobromic acid, the solution depositing 
crystals of an acid on cooling. Heated with water at 100° C. the acid 
forms the anhydride of ^-hydroxymercuripropionic acid. This decom¬ 
poses at 190° C., and is insoluble in the usual organic solvents or water, 
but soluble in alkalies or warm mineral acids. 

^ Ourtius and Buchner,./. prakt. Chem.. 1888, [ 2 J, 38 , 411 ; Buchner, Ber., 1895, 28 , 2J5. 

Schoeller and Schrauth, Ber., 1909, 42 , 782. 

® Fischer, 1907, 40 , 387. 
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Derivatives of Malonic Acid and its Esters.^ 

Mercury bis-malonic methyl ester, IIg[CH(COOMe) 2 ] 2 * —Methyl 
malonate (86 grams, mols.), Avith 25 grams of mercuric oxide (1 mol.) 
and 50 c.c. of water, arc shaken on a machine at 37^^ C., in the absence 
of light. After twelve hours a white body having the above composition 
separates out. It is soluble in cold chlorolbrm and sparingly in alcohol, 
acetone, or ethyl acetate. It sinters at 125° C. and melts at 127° C. 
(corr.). Saponification with 4 mols. of Normal alkali, and acidification 
with dilute sulphuric acid, gives an almost quantitative yield of the 
anhydride of hydroxymercuri-acetic acid. 

Hydroxymercuri methyl malonic methyl ester, HOHg.CMe 
(C02Me)2.^—The preparation is carried out in a similar manner to the 
above, using equal molecules of the ester and mercuric oxide and con¬ 
tinuing the shaking for several days. It is a white amorphous solid, 
insoluble in the usual solvents. When saponified as above it gives an 
85 per cent, yield of the anhydride of hydroxymercuri-propionic acid. 
In a similar manner the methyl eaUr of ethylmaloinc acid yields 80 )>er 
cent, of hydroxymercuributyrie acid anhydride. 

From malonic acid itself, Biilmann claims to have obtained several 
very complex derivatives, but their constitution seems doubtful.^ 

Derivatives of Unsaturated Acids.^ 

The acids of this series can be mercurated, with the exception of 
fu marie and mesa conic acids, which only yield normal mercuric salts. 

Anhydride of a-hydroxymercuri-jS-hydroxypropionic acid, 
Cll2(OH)—CII-CO 

Hg-(i 

Five grams of anhydrous acrylic acid are mixt‘d with a solution pre¬ 
pared from 10 grams of mercuric oxide in 10 c.c. of sulphuric acid and 
40 c.c. of water. Addition of alcohol gives a white, sticky precipitate, 
the latter on treatment with alcohol becoming gritty. It is filtereci 
off, washed, and dried, and is very hygroscopic. The jdeld from two 
preparations was 8 to 9 grams. Biilmann assigns the following con¬ 
stitution to this body :— 

I CHjjOH.CHligiosj CHgOH.CHHg.COjH 

I ‘cHjOH.CHHg.COg CHjOH.CHHg.COijH 


If the substance be boiled with 8 to 10 parts of water, a part of it 
dissolves; the insoluble residue, washed with water and alcohol and 
dried, gives the pure anhydride. 

1 Biilmann, Ben, 1902, 35 , 2580; Schoeller and Schrauth, ihid.t 1908 , 41 , 2089; German 
Patents, 208634, 213371. 

* See German Patents, 221483, 231092, 248291. # 

® Biilmann, Ben, 1902, 35 , 2571. 
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It lias also been prepared by heating merenrons acrylate, the follow¬ 
ing reaction taking place :— 

Ifff ,(CHg =.CII.CO,), +H 2 O .-Hg H-CIfa =CI r.('0 +CII ^OH.CHHg.CC)., 

Anhydride of a-hydroxymercuri-j8-hydroxy-n-butyric acid,^ 


CHa--CHOH- CH—CO 


Hg~0 


Seven grams of crystallised crotonic acid in 50 c.c. of warm water are 
luxated with 7 grams of mercuric oxide nntiJ comj)let(‘ solution takes 
place. The solution is then evaporated to about 25 c.c., cooled, and 
treated with 200 c.c. of absolute alcohol. The white precipitate is 
AVashed with alcohol and ether, and dried over calcium chloride. 

The anhydride may also be prepared by the interaction of crotonic 
acid and mercuric acetate, precipitating the product with alcohol. 

Mercuration of crotonic acid using mercuric* sulphate solution does not 
yield a pure compound. 

Derivative of a-acetoxymercuri-jS-hydroxysuccinic acid, 


HO—CH—CO 

I 

AcO.IIg-CH—CO 


*^Hg. 211,0 
2 


Mercuric acetate, 20 grams, is dissolved in 60 c.c. of water and treated 
in the cold with 5 grams of maleic acid in 40 c.c. of water. Any })re- 
cipitatc which may be formed is filtered off, 4 grams of maleic acid in 
40 c.c. of water added, and the mixture heated, a white micro-crystalline 
])recipitate separating out. This is filtered off and washed with very 
dilute acetic acid, then with water, alcohol, and ether. Yiedd 7*5 grams. 
It is insoluble in water and alcohol, but dissolves in acids or alkalies. 
It reacts Avith sodium chloride and potassium iodide solutions a(*cording 
to the equations : 

HOCH- COgNa 

ColIgHgaO^ +3NaCl = | +C 2 H 302 Na +HgCl o 

ClHg.CH-COgNa 

CgH JIg.A+4KI-C 2 H 3 O 2 K+C2ll2(C02K)2+2Hgl2+KOH 

Derivative of anhydro a-hydroxymercuri-a-hydroxymethyl 
succinic acid, 


(H 0 .CH 2 i(C 02 ig).CHss.C 0 J,Hg or (Ilg^Cn 2 .C(C 02 )( 0 n).CH 2 .C 0 a),Hg 

When ])repared by the mercuration of itaconic acid using mercuric 
sulphate solution, 7 grams of acid and 50 c.c. of the salt solution yield 
] 1 grams of product. It contains 8 molecules of water of crystallisa¬ 
tion and has similar properties to the preceding compound. 

Derivative of Citraconic Acid. —Five grams of the acid in 40 c.c. of 
water are added to a cold solution of 20 grams of mercuric acetate in 
60 c.c. of water. When heated at 60° C, this mixture yields a micro- 

1 Ley, Ber.f 1900, 33 , 1010; Biilniann, loc. cit. 
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crystalline precipitate, which is filtered whilst hot. It is washed with 
vety dilute acetic* acid, water, and alcohol. Yield 8 grains. The follow¬ 
ing? constitution has been assigned to it :— 

ClLj- C(OJl)-C02\ Ae0.IlK.C(Cn3)-C02\ 

I or I 

AcO.llfi.CII-CO/ HO.CH-CO/ 

It is insolu})le in water or alcohol, but dissolves in acids. Aminoniiim 
sulphide ])r(‘ci])itates mercuric sulphide from its alkaline solutions. 


Derivatives of CirAiu.Moociiuc Acid.^ 


Anhydride of hydroxymercuri-ethoxy-chaulmoogric acid.— 
To 1 mol. of mercuric acetate dissolved in 2 ()()() c.c. of hot absolute 
alcohol and 400 c.c. of <?lacial acetic acid, and cooled to room tem})(*ratur(‘, 
1 mol. oi‘ ehaulrnoooTie acid is added in small ])ortions, with constant 
stirrint?, until a fairly clear solution is obtained. After twenty-four 
hours any sediment is liltered off and the filtrate allowed to stand in an 
ie(‘-chest for three months. A total of 50 grains of crystals is tlnis 
obtained, and recrystallis(*d from 95 per cent, alcohol. A mass of 
silvery, minute ne(‘dles is formed, melting at 112 ° to 113° V., to a clear 
liquid. It is readily soluble in chloroform or gla(*ial acetic acid, less so 
in hot alcohol, hot ethyl acetate, or hot acetone, and practically insoluble 
in cold soh^nts. Its constitution is represented by formula I. 

Ethyl acetoxymercuri-ethoxy-chaulmoograte (II.). -One mol. 
of freshly distilled ethyl chaulmoograte and 1*25 mols. of mercuric 
acetate are dissolved in 1000 c.c.. of absolute alcohol and 100 c.c. of 
ghunal acetic acid. The solution is tightly stoppered and allow(‘d to 
stand for ten days in an ice-chest, then filtered, and the filtrate jioured 
into a large volume of water. An oil is obtained, and if the water be 
separated off, the oil partially solidifies on standing. It is filtered and 
the residue recrystallised from petroleum ether, then from absolute 
alcohol. Yield 15 grams. It forms minute, colourless needles, M.pt. 
07° to 08° C., stable in air, but decomposed by inorganic acids.^ 


Ilg—CH—CII(CH 2 )i 2 CO—O AcO.Hg—CII—CII(CIl2)i2C02Et. 

EtO.CH CH, 

X 

I. 


EtO.CII ill 
II. 


1 German Patent, 246571; Dean, Wrenshall, and Fujimoto, J. Amer, Chem. Soc., 1925, 
47, 408. 

2 The patent mentioned above ((Jei man Patent, 245571) also deals with themoreura- 
tion of cyclohexenecarboxylic ester. 

The following German patents have also been taken out for aliphatic acid mercurials: 
Ibid,, 246207, behcnolic acid esU^rs, stt^arolio acid ester. Ibid., 264267, aryl liydroxy fatty 
acids. Ibid., 279199, aminomethane disulphonic acid. Ibid., 228877, oleic acid ethyl 
esto, triolein. Ibid., 387850; American Patent, 1457675; diethyl diallylmalonatt^ diallyl- 
barbituric acid, ethyl diallylacctate, diethyl o-phenylenediacrylate, diphenic acid and 
ethyl diphenylamine- 2 *carb()xylate. 

The foUoMdng deal with purine derivatives: Koscnthaler and Abelmann, Ber. Deut. 
pharm. Oes., 1923, 33 , 186; German Patents, 282376, 282377. 



CHAPTEli VI. 

MERCURY (continued). 

Aromatic Compounds of the Types Rgllg ; lUlglC ; RllgX. 

All the eonipouiids of the type with the execptiori of mercury 

dibciizyl, the bromo-, ehloro-, and nitrophenyls, and thienyl derivatives, 
have been prepared by tlie amalgam method. The amalgams used are 
more concentrated than for the corresponding alkyls, and a higher 
temperature is reciuired for the reaction ; the strt^ngth of amalgam in 
certain cases is as follows : Mercury diphenyl, 2-7 per cent. ; mercury 
di-o-tolyl, 8 })er cent. ; mercury di-m-tolyl, 3 j)er cent. ; mercury di- 
m-xylyl, 2 ])er cent. ; mercury dipseudocumyl, 1-5 per cent. ; mercury 
di-a-naphthyl, 4 ])er cent. The Grignard reagcjiit has not been used so 
extensivTly in these ])reparations as with the alkyls, but it is the sole 
method of obtaining mercury dibenzyl, and has also been ap})Iied to 
th(‘ [iroduction of mercury diphenyl and dicyclohcxyl. A recent 
method of preparation (consists in treating phenyl mercuric or halogen- 
ated [)henylmereuric halides with copper in ])yridine solution, and in this 
way mercury diphenyl, di-p-chlorophenyl, di-p-bromophcnyl, and di-o- 
nitro})henyl have been isolated. Stannous chloride and sodium hydroxide 
in pyridine have also been used instead of cop])er in the case of tfic 
phenyl compound. It has already been noted that ethyl hydrazine 
reacts with mercuric oxide to yield mercury diethyl, and })hcnyl hydra¬ 
zine in the same way yields mercury diphenyl. The halogens attack 
mercury di])hcnyl, giving Phllgllal., but in the case of bromine or iodine 
the reaction proceeds a stage further if four atoms of halogen are used, 
as shown by the equations : 

RgHg +2llal. -RIIgHal. +RHal. 

RHgHal. +2Hal. -IlHal. +HgIIal .2 

A similar scries of reactions also occurs when mercury di-a-na})hthyl 
is treated with iodine in carbon disulphide solution. 

Gaseous hydrogen chloride, bromide, or iodide decompose mercury 
diphenyl, whereas hydriodic acid forms phcnylmereuric iodide. Con¬ 
centrated hydrochloric acid varies in its action towards these deri¬ 
vatives. Whilst mercury diphenyl, di-o-nitrophcnyl, di-p-tolyl, di-a- 
naphthyl, di-jS-naphthyl are decomposed when boiled with concentrated 
hydrochloric acid, mercury di-m-xylyl, dipseudocumyl, and bis-diphcnyl 
remain unchanged. Concentrated nitric acid decomposes mercury 
diphenyl, di-p-tolyl, and di-a-naphthyl, di-jS-naphthyl, and sulphuric 
acid gives similar results. When boiled with organic acids, mercury 
diphenyl forms salts of the type RllgX, and mercury di-a-naphthyl 
behaves in a similar manner towards glacial acetic acid, but when heated 
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in a sealed tube with the latter acid mercury dibenzyl is decomposed. 
As far as investigations have gone, the following chlorides react with the 
type llgHg to yield orgaiioinetallic compounds : boron, indium, thallium, 
})hosphorus, and arsenic trichlorides and silicon tetrachloride, likewise 
the metals magnesium, zinc, cadmium, aluminium, selenium, and 
tellurium. Mercury di})henyl reacts with mercuric chloride in acetone or 
alcoholic solution to gi^c ])hcnylmercuric chloride, but if mercurous 
chloride is used a temperature of 160° C. is necessary to effect the change. 
Mercuric halides or cyanides react with mercury dicyclohexyl in any 
solvent to yield the ty])e lUigX, and the halides give a similar result 
with mercury (li-a-Jiujdithyl. Dromiiic also splits off a nai)htliyl groii]) 
from the latter com])ound. 

The foregoing reactions do not necessarily apply to RgHg when R - 
thienyl, and these compounds come under a eategorv^ of their oavu. All 
the compounds of this type an* prepared from halidemereuri thiophenes, 
th(‘ rnetliod of con\'ersion de])ending on the position of the su])stituents 
in the thio])hen(; ring. It was found that attempts to produce the iodide 
from 2-ehloronu‘reuri thiophene by the action of sodium iodide in acetone 
solution gave only small yields, but a considerable amount of inercury 
2 : 2'-dithienyl was formed at the same time. Investigation showed that 
this method of producing the type R 2 llg is a general one, if the mercury 
residue be in the a-position, and in the case of 5-chloromercuri-2-benzyi- 
thiophene the change is brought about by sodium thiocyanate in acetone 
solution. ])i-substituted thiophenes containing methyl groups in the 
: 4 or : 5 positions react in a similar manner, but if these groups arc* 
in the 2 :5 positions the conversion cannot be brought about by sodium 
iodide. t‘3-GhloromereAiri-2 : 5-dimethylthiophene is transformed to 2:5: 
2': 5'-tetramethyl-3 : 3'-dithienyl by boiling it in xylene solutioji with 
jnetallic sodium, and the corresponding 2:5-diphcnylthiophene under¬ 
goes a like change. The reactions of 2 : 5-dichloronuTeurithioj)hene arc? 
interesting and are illustrated in the scheme below. It will be seen that 
the change from RllgX to R 2 Hg may be also brought about by heat in 
this case. 
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The dithienylenes, one of which is shown above, are non-crystalline 
insoluble powders, only decomposing at high temperatures. 

The type RHgR' is much less stable than R 2 llig, and in all cases these 
unsymnietrical compounds have been obtained by aid of the Grignard 
reagent. In order to obtain satisfactory yields, the Grignard reagent 
should not be used in large excess, and tlie temperature sjfiould be kept 
below 5° C. Mercury ethyl phenyl decomposes after standing for several 
months into mercury diethyl and mercury diphenyl, and a similar 
change takes place with mercury ethyl benzyl. At ordinary^ tem})eratures 
mercury phenyl benzyl is slowly transformed into mercury diphenyl and 
mercury dibenzyl, but at 80*^ C. the decomposition produces mercury, 
dibenzyl, and mercury dibenzyl. Mercury o-tolyl benzyl at C. 
yields mercury, dibenzyl, and mercury di-o-tolyl. All compounds of this 
type when treated with alcoholic mercuric chloride split according to 
the equation : 

RHgR'MlgC I 2 -KHgCI f R'HgCl 

With alcoholic hydrogen chloride, one compound of the type RHgCl is 
always formed, and sometimes both radicles give chlorides, but no 
general rule can be formulated from the known compounds to cover 
all cases. 

Some methods oi‘ preparing derivatives of the typ(^ HllgX have 
already been dealt with in describing the rea(‘tions of the type R 2 Hg. 
In the case of benzene and toluene the mercuration may be carried out 
directly, using mercuric acetate. If the operation is i)erformed in the 
presence of alcohol, benzene may be converted to phenyl mercuric 
acetate at 100 ® C., but the j)rocess takes about fifty-five hours to obtain 
an 80 per cent, yield. When toluene is refluxed with mercuric acetate, 
ortho- and para- ring-substituted compounds are produced. Another 
method is to treat the aryl sulphinic acids or their sodium salts with 
mercuric chloride, when the folloAving reaction occurs : 

R.SO 2 H +HgCl 2 -RHgCl +SO 2 -l-HCl 

This reaction has been applied to phenyl and tolyl derivatives. The 
acid grouping of aryl boric acids may also be replaced by mercury, this 
affording one means of preparing phenyl, tolyl, and benzyl compounds. 

RB(0H)2 +HgCl 2 +H 2 O -RHgCl +HC1+H 3 BO 3 

The Grignard reagent has been employed in isolating the mercuric 
halides of the following radicles : phenyl, tolyl, benzyl, and naphthyl, 

RMgX +HgX 2 =RHgX +MgX 2 

If the compound RHgX be treated with a second molecule of 
Grignard reagent, the type R 2 Hg is produced. 

Triphenylstibine when heated with mercuric chloride yields phenyl- 
mercuric chloride, and tri-m-tolylstibine mercurichloride when boiled 
with alcohol is converted into m-tolylmercuric chloride. 

Although thienyl compounds of the type RHgX react with potassium 
iodide in acetone to give the type R 2 Hg, this has only been noted in 
benzenoid derivatives in the case of p-tolylraercuric chloride, when a 
large excess of potassium iodide is used. With phenyl and a-naphthyl- 
mercuric chlorides only the corresponding iodides are produced. The 
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iodides iu the t-olyl series are obtained by reduxin^ tlie other halides 
with alcoholic potassium iodide, and pseiidocumylmercuric iodide is 
only formed by licating the R 2 Hg derivative with an excess of alcoholic 
mercuric iodide in a sealed tube at 130° to 140° C. 

The nitrates of the phenyl, toly], and a-naphthyl compounds arc 
formed by the action of oxides of nitrogen on the R 2 Hg derivatives 
as well as by alcoholic silver nitrate on the halides. 

In the case of halogen-substituted hj^drocarbons the princi})al 
method used is the merenration of the sul})hinic acid, and not the hydro¬ 
carbon itself, whilst the method acts equally well with nitrobenzene. 
The nitrotolueiH's when rnercurated by nurcuric oxide in the pn'scncc 
of sodium hydroxide yield com])ounds containing mercury iii the side 
chain, but with mercuric acetate at 140° G., in the absence ol“ a solvent, 
the mercury enters the ring. If nitrotolueiie sul))hinic acids are used 
as starting-j)oints, the acid group is rejdaced by mercury by prolonged 
boiling with 50 ])cr cent, aqueous alcoholic mercuric chloride. 

Tlie sulphonic? acids are rnercurated directly by means of mercuric 
acetate in boiling aqueous solution in the })resenQ(‘ of acetic aeid. 

Thiojdiene is readily rnercurated by mercuric chloride in the ])r(*senc(‘ 
of sodium acetate, yielding mono- and di-mcrcurated products of the 
ty]K‘ HHgX, but not Rgllg. Mono-substituted thio])henes usually 
beha ve in a similar manner, and in the case of di-substituted thiophenes 
the position of the groups in the nucleus determines whether a di- 
jm^reurated product is formed, although all yield monornercuri coiti- 
pounds. The bromides are obtairuibk; from the chlorides by using 
mercuric bromide in alcoholic solution, or from the corresponding 
dithienyls by treatment with mercuric bromide in axetone solutioii. 
Replacement of the mercuric bromide by sodium iodide (1 mol.) in 
acetone solution gives the iodides, the bromides RllgX being used instead 
of the chlorides. 


Compounds of the Type Rg^Ig- 

Mercury diphenyl, PhgHg, may be prejiared in several ways, as 
follows :— 

1 . From ])hcnylmercuric acetate.^ It was first noted by Dimroth 
that phenyl mercuric acetate when treated with alkaline sodium stannite 
gives mercury diphenyl, and this reaction has recently been worked ui) 
by Maynard and shown to be the best method of preparation yet 
discovered, the yield being a])proximatcly 96 per cent. A solution 
containing 50 grams of stannous chloride in 125 c.c. of water and 125 
e.c. of cold 40 per cent, sodium hydroxide is added with mechanical 
stirring to 30 grams of phenylrnercuric acetate in 300 c.c. of water. 
After stirring for one hour, mercury and mercury diphenyl separate, 
the mass being filtered, washed, and dried. The mercury diphenyl is 
extracted from the residue by 150 c.c. of acetone, and the compound 
precipitated by the addition of water. Yield 13'2 grams. The reaction 
may be rejircsented by the equation 

2C eHfiHgX +Na2Sn02 +2NaOH -(CellJ^Hg +IIg +2NaX +Na 2 Sn 03 

2. Two other phenyl mercuric compounds have also been mentioned 

1 Dimroth, Ber,, 1902, 35 , 2863; Maynard, J, Aimr, Chem. Soc., 1924, 46 , 1610. 
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as yieldiiij^ nienrury diplieiiyl, (1) phenylniercurie bromide, by })roloiiged 
boiling witli potassium sulphide, 

2PliIIgl3r f-KaS -2K13r t-lIgS +Pli 2 llg 

and (2) plicnylmercuric iodide, when treated with sodium amalgam in 
alcohol or benzene solution, 

2PhHgI fils+11^^ +Ph2Hg 1 

»3. By the Grignard reaction.*'^ Twenty-five grams of bromobenzene 
and ;3-1 grams of magnesium in dry ether are slowly treated with 1**3 
grams of mcreurie chloride and the mixture boiled for one hour on the 
water-bath. The mass is then decomposed with dilute hydroelilorie 
aeid and the whole extracted with etJuT, tlie cdluTeal solution yic‘lding 
about. 7*5 grams of mercury diphenyl. Yield 1-4 ]>er cent. Magn(‘sium 
})henyl bromide witli phenyl mercuric chloride gives a 07 jier cent, yield 
of mereury di])lKMiyl. 

4. By the Fittig reaction.^ In this case bromobenzene, mercuric 
chloride, and metallic sodium are allowed to react in dry lienzeiie. After 
eom])leti()n of the reaction the mercury diphenyl is ofitained from the 
benzene solution. 

5. By the use of sodium amalgam.^ Equal volumes of bromo- 
benz(‘ne and xylene containing one-tenth by volume of ethyl acetate are 
tr(‘ated with an excess of 2*7 per cent, sodium amalgam and Ju‘ated from 
120'’ to 140° C. for eight hours. The mercury diphenyl is obtained from 
the b(‘nzene-xyl(‘ne solution in 40 jier cent, yield. 

0. From jihcnylmercuric sulphide, pluaiylmereurie thioearbonate, 
and phciiylmercurie thiosulphate.^ 

The ai)ove three eom])ounds are eJianged to mercury dijihenyl by 
treatment with alcohol, benzene, and sodium thiosulphate resj)eetively. 

7. From phenylarsenious oxide.® Thirty-four grams of phenylar- 
se nious oxide in **300 c.c. of 2-Normal sodiuiii hydroxide are stirred with 
54'2 grams of mercuric chloride in 500 e.c. of water, the temperature 
being maintained at 0° C. The temperature is then rais(‘d by heating 
on a water-bath until no further j)rccipitate is formed, and afterwards 
tJie product is filtered, washed, and dried. The mercury diphenyl is 
removed from this residue by boiling with alcohol, from which the com¬ 
pound crystallises on cooling. 

8. From phenylhydrazine.'^ Phenylhydrazinc is heated with an 
excess of yellow mercuric oxide, when nitrogen is evolved, and aniline 
and mercury diphenyl formed. Ten grams of the base yield 4 grams of 
jnire compound. A similar result is obtained when mercury acetamide 
replaces the oxide. 

9. By the action of copper on a pyridine solution of phciiylmercurie 
bromide.® 

1 Urrher and Otto, 1870, 154 , 93. 

® Pfeiffer and Truskicr, Ber., 1904, 37 , 1125. 

* Michaolis and Reese, Ber., 1882, 15 , 2877. 

* Dreher and Otto, he. cit. ; Ber., 1809, 2 , 542 ; Ladenhurg, Anmilen, 1874, 173 , 151 ; 
Michaclis, Anruikn, 1870, 181 , 290 ; Arunhcini, Annakn, 1878, 194 , 148. 

® Pcsci, Gazzetta, 1899, 29 , (i.), 394. 

® German Patent, 272289. 

’ Forster, Trans. Chem. Soc., 1898, 73 , 783; Fischer and Ehrhard, Annalen, 1879, 
199 , 332. 

® Hein, Wagler, and Retter, Ber., 1925, 58 , [B], 1605. 



74 ORGMOMETALLIC COMPOUNDS. 

10. From the compound produced by the action of ammonia on 
phenyl mercuric acetate. ^ 

The compound (CgH5Hg)2Nll20Ac reacts witli carbon bisulphide in 
alcoholic^ solution according to the equation : 

(CeTl5llg)2NH2.C2Ha02+CS2-(CeH5)2Hg fHgS+€ 

Similar results are obtained if the carbon bisulphide is replaced by 
diphenyl- or p-ditolylthioearbamides. 

11. 'J'lie production of mercury diphenyl was noticed when bromh- 
benzenc, chlorolbrmic ester, and sodium amalgam interact in the })ro- 
duction of esters of benzoic acid.*-^ 

12. ® A solution oi* 6-2 grams of phenyl mercuric chloride in 40 c.c. 
of j^yridinc is treated with 2-5 grams of stannous chloride in. 5 c.c. of 
water and suliicient 30 per cent, sodium hydroxide to give solution. 
The mixture is filtered after several hours. Yield 3-1 grams, 90 ])er 
cent. 

Mercury diphenyl crystallises in small, felted needles. M.pt. 124-5“ C., 
il.pi. 204“ C. at 10*5 mm. The melting-j)oint as given by various 
investigators ranges between 120“ to 120° C., and the variation is no doubt 
due to the presence of small quantities of diphenyl, which is always 
formed at the same time. The crystals turn yellow when exposed to 
light, are soluble in chloroform, benzene, ether, or alcohol, and insoluble 
in water. Its density varies between 2-29 and 2-34. No absorj^tion 
bands are shown by chloroform solutions of mercury diphenyl at any 
dilution.'* 

The reactions of mercury diphenyl are summarised in the following 
table : 


REACTIONS OF MERCURY DIPHENYL. 


Reacting Sub¬ 
stance. 

(Conditions of 
Reaction. 

Resulting Product^}. 

IvEFERESCJiS. 

Chlorint^. 

Dry gas. 

Phenylmercuric chloride, 
chlorobenzene, mercurous 
chloride. 

Dreherand Otto, AnmlcUf 1870, 
i 54 » 93. 

Bromine or 
iodine. 

Two atoms of 
halogen in al¬ 
cohol or CSjj. 

Phenylmercuric bromide or 
iocUde, bromo- or iodo- 
benzene. 

do. 

Bromine or 
iodine. 

Four atoms of 
halogen. 

Phenyl haloid, mercuric 
salt. 

do. 

Froo thiocyano- 
gen, (SCN)a. 

Ether solution. 

Phenylmercuric ihiocyanatt^ 

Sfiderback, Amuikn, 1919, 419 , 
266. 

Hydrogen chlor¬ 
ide, bromide, 
or iodide. 

• • 

Benzene, mercuiic salt. 

Dreher and Otto, he, ciL 


^ Pesci, Gaz^ettUf 1909, 39 , (i.), 147. 

* Wurtz, Compt. rend,^ 1869, 68 , 1298. 

® Steinkopf, Bielenberg, and Jensen, AnnakUt 1923, 43 b, 71. 

* Purvis and M'Cleland, Tram, Chem. 8oc.t 1912, loi, 1514. 
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Reactions of Mercury Diphenyl— 


Reacting Sub¬ 
stance. 

Conditions of 
Reaction. 

Resulting Products. 

Rbfkrknoes. 

(Jono. hydriodic 


Phenyliuercuric; ifxlidc. 

Drehor mid Otto, !oc. fit. 

acid. 




t’umiug nitric 


Carbon, Iwiizene, nitndxui- 

Drcher and Otto, lirr., 1860, 2, 

acid. 


zeiie, mcrcuri(! nitrak\ 

642; Otto, ./. jmH . Chevi.y 
1870, L2j, I, 170. 

(Jlacial ac.ciic 

R.il. 

!*heuyliucreiiric acetate, 

( )tto, loc. ciL ; 1 >r(;liei’ and ( )tto, 

acid. 


benzene. 

AmmlfUf 1870, 15/j, O.'l. 

Forniic, projii- 
onic, or niyris- 

Jioih 

lOienylincrcuric salts, Ixui- 
zeno. 

1 >rcher and Otto, Ax*. Hi. 

tic mnds. 




HVJKH'hlnl’OUfi 


Sana* re.milts as (diloriiu*. 

do. 

acid. 




Meronri(^ ciiltu’- 

Aci'toue or alco- 

Phenjdnierciiric chlorich*. 

Steinkopf, Annaku^ 1017, 413, 

idc. 

liol solution. 

810 ; Otto, hr. fit. 

Mcrcuj'ous chlor- 

in alcohol at 

Plieiiylniercuric. chloride, 

Otto, loc. Hi. 

id('.. 

Mitr c. 

inoUllu; inercairy. 


iVlei’cuiric cyanide 
or thiocyanate. 

Alcoholic- Kolution 
at 120”. 

Plienyliiiercuric salts. 

do. 

Mercuric acetate. 

( 1) Alcoholic sol¬ 
ution at 
120" 0. for 

1 hour. 

Pheiiyhuercuric acetah'. 

do. 


(2) Without a 

1 "4-Dia.*etoxyjncrcuri ben¬ 

Pesci, Atti, ii.\ Accad. Linceif 


s(dvcnt at 

zene, 1-2-4-triacetoxy- and 

(6), 8, i, 180; Chf’rn. Zr.ntr.^ 


160” C., 
and ex(;ess 
of acetate. 

1 ^^'O-tetra-acotoxymere-uri 
benzenes. 

1899, i. 784. 

Mercuric oxide. 

Scaled tube at 
180” 0. 

PJicuyliuurcuric oxide. 

Otto, loc. Hi. 

Oxides of nitro¬ 

.. 

, , 

Rainberger, Ikr., 1897, 30, 606. 

gen 




N.O,. 


I’heiiylmercuric nitraU', ben¬ 
zene diazonium nitrate. 


N2O,. 

•• 

Phcnyhnercuric nitrate-, 
nitroso benzene. 


N-Bronioacct- 

Dry bimzoiie solu¬ 

Phenylmorcuric bromide, 

Kharascli, J. Aimr, Chem, ^oc.^ 

amide. 

tion. 

methyl isocyanate. 

1921, 43, 1888. 

N-Bromobenz- 

do. 

Plienylmercuric bromide. 


amido. 




m-Nitro-N-bromo- 

do. 

m-Nitrocarbanilide. 


benzamidc. 




Uo, 0- and p-nitro 

do. 



compounds. 




Sulphur. 

Alcoholic solu¬ 

Dipheiiylsulphide, mercuric 

Dreher and Otto, Ber.t 1869, 2, 

tion at 140” C. 

sulphide. 

542. 
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Reactions of Mercury Diphenyl —continued. 


Reacting Sub¬ 
stance. 

Conditions of 
Reaction. 

Resulting Products. 

lllsiFKilENCEa. 

Thionyl ehlcridc. 

Heat. 

Phenylmercurit! t4dorid<‘. 

Ih'umann and Kdchlin, /ier., 
1883, l6, l()25. 

Benzene suliilion- 
ic (chloride. 
Toluene sulphon- 
ic chloride (p). 

Bfuizeiie solution 
at 160^’ C!. 
Ben7.(‘ne solu¬ 
tion at I20°C. 

Phonylmereurie chloride, fli- 
])henyl s«l])honc. 
p-Tolylmcrcuric chloride, 

phenyl-t( >lyl sulphone. 

Otto, tier., 1885, 19, 240. 

vSulphur trioxide. 


Mercury lienzene suljihon- 
atc. 

Otto, >f. pmkt. C'/nni., 1870, i, 
[2J, 179. 

Allyl iodide. 


Phenylraercuric iodide, di- 
allyl, di])hcnyl. 

8uida, Monatsh., 1880, i, 715. 

Ethylene di- 
bromide. 


Dilxuizyl, mercuric; bromide. 

Dndier and Otto, he. cit. 

lituizal chloride. 

At loO'" V. 

Phenylmcrcuric chloride, tri¬ 
phenyl methane. 

Kckulc and h’ranehimont, Bcr., 
1872, 5, 900. 

Phenyl iodo di- 
chloride. 

Aqueous solu¬ 
tion. 

Phenylmercuric chloride, di¬ 
phenyl iodoiiium chloride. 

Wnigcrodt, lii r., 1898, 31, 915. 

Lithium, Hodium, 
])ota8Hium. 
CojiiH^r. 


Mercury, diphenyl. 

Dreher and (.)lto, he. cil. 

Magnesium. 


Magnesium tUphenyl. 

Hil[K;rt and Oriittner, Ber., 1913, 
46, 1075; Eleck, Annalcn, 
1893, 276, 138. 

Zinc. 

Boil for two 
minutes in hy¬ 
drogen atmo- 
sphert\ 

Zinc diphenyl. 

Hil|K;rt and Gruttner, he. cit.; 
Dreher and Otto, he. cit. 

Cadmiujii. 

In hydrogen 
atmosphere. 

(kwlmium diphenyl. 

Hil|)ert and Oruttner, foe. cit. 

Boron trichlor¬ 
ide. 

At 180“-200° C. 
for several 
hours. 

Phenyl boron chloride, nier- 
curi(; chloride. 

Michaclis, Bcr , 1889, 22, 241. 

Phenyl boron 
chloride. 

At C. 

for 24 hours. 

Diphenyl boron chloride. 

Michaelis, Jier., 1894, 27, 244. 

Almninium. 

At 140“ C. for 
10-15 seconds 
in hydrogen or 
nitrogen atmo¬ 
sphere. 

Aluminium triidienyl, mer¬ 
cury, aluminium amal¬ 
gam. ’ 

Hil^Xirt and Gruttnor, Ber., 1912, 
45, 2828. 

Indium trichlor¬ 
ide. 

*• 

Indium diphenyl chloride. 

Goddard and Goddard, unpub¬ 
lished. 

Thallic chloride. 

Ether or benzene 
solution. 

Thallium diphenyl chloride, 
phenylmercuric chloride. 

Goddard, Trmis. Chem. Boc., 

1922, X2I, 40. 
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Reactions of Mercury Diphenyl-- conthwed. 


]loacting Suh- 

(Conditions of 
Reaction. 

Resulting Products. 

Rkfekknors. 

Zirconium totra- 
ciiloridc. 

Aqueous solu¬ 
tion. 

ZrOOl 2 , 21*hHg(3, benzene*. 

Peters, Bor., 1908. 41 , 3173 ; see 
Annalen, 1894, 282 , 320. 

Silicon tetra¬ 
chloride. 

At .■(()(»'’ C. 

Phenylmercuric chloride, 
phenyl silicon trichloride. 

Ladenburg, Animlcn, 1874, 173 , 
152. 

Stannic chloride. 

•• 

Phenylmercuric chloride, tin 
dijdienyl diehloride. 

Aronheim, Annakv, 1878, 194 , 
148. 

I’lioHphorus tri- 
(•hl(U‘i(l<‘. 

Heat at 180" 0. 

Phenylmercuric chloride*, 

])hosph(‘nyl e'hloriele*. 

S{!hwarz(‘, J. prakt. Chnn,, 1874, 
10 , ( 2 ), 222 ; Mi(4iaelis and 
(Jraeff, Ber., 1875, 8 , 922; 
Michaelis, Annalen, 1876, 181 , 
21K). 

Arsenic; trichlor¬ 
ide (2 mols.). 
Arsenic! trichlor¬ 
ide (1 mol.). 

Heat at 250^ (■. 

Heat at 210" ('. 
for sevcTal 
hours. 

Phenyl diehloro-arsine, me*! - 
euric chle»ride. 

l)ipht‘nyl (ihloro-arsine, mer- 
eurie; eihlemde. 

La 0 ost(' and Michaelis, Anmikn, 
1880, 201 , 196. 

f'henyl dichloro- 
arsine (1 mol). 
Phemyl dichloro- 
arsine (2 mols.). 


1 )iphenyl chloro-arsine. 

Diphenyl (jhloro-arsine, mer¬ 
curic chloride. 

Michaelis and Li?ik, Anmlen, 
1881, 207 , 195. 

do. 

Antimony tri¬ 
chloride. 

Xylencj solution 
at 130" C. 

Triphcnylstibi nc dichlorie le, 

I )iphenyl.sti bine trichle)ride. 

Hasembiiumer, Ber., 1898, 31 , 
2911. 

Bismuth. 

Heat for 10 min- 
utc!S at 250" C 
in hydrogen 
atmosphei-e. 

Triphenylbismuthine. 

Hil|)C!rt and (Iriittner, Ber., 1913, 
46 , 1675. 

Bi.smuth tri¬ 
bromide. 

Dry ether S(du- 
tion. 

Triphenylbismuthine. 

Challenger and Allpress, Trans. 
Chem. Soc., 1921, 119 , 913, 

Selenium. 


Selenium diphenyl, selenium 
amalgam. 

Krafftand Lyons, Ber., 1894, 27 , 
1768. 

Tellurium. 


Tellurium diphenyl, tel¬ 
lurium amalgam. 

do. 

Tellurium di¬ 
chloride. 

•• 

Chlorobenzene, tellurium 
amalgam. 

do. 

Acetyl chloride. 

With or without 
Ixuizeiie. 

Phenylmercuric chloride*, 
acetophenone. 

Calvery, J. Amr, Ohem, Soc., 
1926, 48 , 1009. 

Btmoyl chloride. 

do. 

Phenylmercuric chloride, 
benzophenonc. 

do. 

Ethyl chloro- 
formate. 

do. 

Phenylmercuric chloride, 
benzoplienoue. 

do. 
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Mercury 2 : 4 : 6 : 2': 4': 6'-hexanitrodipheny], M.pt. 272® C., is 
formed when mercuric 2:4:6-trinitrobenzoate is heated to 180® C. 
When lieated with alcoholic mercuric chloride it is converted into 2:4: 6*- 
trimtr() 2 }hen/jlmem chloride.^ 

Phenylmercury 2:4:6 -triiiitrophenyl , M.pt. 227*5® C., is obtained 
by heating ])henylmercuric trinitrobenzoate in a vacuum at 222® C. It 
is decomposed by hydrogen (ihlorid(% yielding benzene and 2 : 4: 0- 
trinitrophenylmercuric chloride.- 

Mercury di-p-chlorophenyl.^ —Five grams of p-chlorophenyl- 
mercuric chloride, 6*5 grams of copper and 35 c.c. of pyridine are 
allow(‘d to stand for a day, then the mixture is saturated with carbon 
dioxide. An 81 per cent, yield, or 2*5 grams, of the mercury compound 
is obtained. It crystallises from hot acetone in white nc(‘dlcs, M.pt. 
242® to 243® C., readily soluble in ])yridine, less soluble in warm ehlorf)- 
ibnn or ether. 

Mercury di-p-bromophenyl forms white needles, M.pt. 244® to 
245® C\, obtained in 92 per cent, yield. It is very soluble in ])yridine, 
sparingly in cold acetone or edher. 

Mercury di-o-nitrophenyl occurs in pale yellow needles, M.pt. 
200® to 207® C., easily soluble in })yridinc, hot acetone, and carbon 
disulphide, sparingly in carbon tetrachloride. Yield 92 per cent. 
When boiled with concentrated hydrochloric acid nitrobcn'/(‘ue is 
split off. 


Tolyl Compounds. 

Mercury di-o-tolyl may be pre})ared by the sodium amalgam 
method (sec mercniry diphenyl, Method 5). In this ease 8 per cent, 
amalgam is used, and the yield is about 33 j)cr eent.^ Tlu* compound 
forms quadratic crystals from benzene, M.})t. 108® C. ; B.j)t. 219® C\ at 
14 mm. The reactions of mercury di-o-tolyl with the trichlorides ol‘ 
boron, ])hosphorus, and arsenic, also with nitrogen tri- and tetr-oxides, 
are similar to those described under mercury diphenyl (p. 74). 

Mercury di-m-tolyl is pre])arcd from m-bromotoluene using 80 per 
cent, sodium amalgam. From ethyl acetate it Ibrms colourless needles, 
M.pt. 102® C., soluble in benzene, chloroform, or acetone, less soluble in 
alcohol or ether. Heated with jdiosphorus trichloride for twelve hours 
at 200° C. it yields m-tolyldiehlorophosphine. 

Mercury di-p-tolyl is best prepared according to the description of 
Whitmore as follows Forty grams of pure p-tolylmerciiric chloride, 
70 grams of sodium iodide (75 per cent, excess), 800 c.c. of 95 per cent, 
alcohol, are boiled for fifteen hours, the whole being vigorously stirred. 
After cooling and filtering the precipitate is washed with water until the 
washings no longer react with hydrogen sulphide. The product may 
be further purified if necessary by recrystallisation from xylene. Yield 

1 Kharasch, J, Amer. CJiem. JSoc., 1921, 43 , 2238. 

® Kliarasch and Grafflin, J. Amer. Chem, Soe,, 1925, 47 , 1948. 

» Hein, Wagler, and Retter, Ber,, 1925, 58 , 1499. 

< Miohaelis, Ber., 1895, 28 , 589; Annalen, 1896, 293 , 303. 

* Whitmore, Hamilton, and Thurman, J, Am^r. Ghem. Soc., 1923, 45 , 1066; Peters, 
Ber,, 1905, 38 , 2567. 
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of pure product, 80 per cent. The reaction takes places according to the 
equation : 

2RHgCl +4NaI =:R 2 Hg+ 2 NaC] +Na 2 llgl 4 

The compound may also be prepared from p-bromotoluenc and 
sodium amalgam.^ 

The pure compound crystallises in needles, M.i)t. 238*^ C., which are 
soluble in benzene, xylene, or chloroform, less soluble in alcohol, and 
insoluble in water. Mercury di-p-tolyl gives the same type of products 
as mercury diphenyl (see table, p. 74) when it reacts with halogens, 
halogen acids, mercuric chloride, boron or arsenic trichlorides, phos¬ 
phorus trichloride,^ silicon tetrachloride, nitrogen tri- and tetr-oxides,'"* 
sulphur, selenium, and tellurium.^ 

Treatment with concentrated nitric acid does not yield the hydro¬ 
carbon as with mercury dij)henyl, but nitrotoluencs, and alkaline perman¬ 
ganate yi(‘lds the tolylmercuric hydroxide, the presence oJ‘ the latter 
l)eing shown by changing it to the chloride. p-Toluene sul])honic iodide 
boiled with mercury di-])-tolyl in carbon tetrachloride solution yields 
tolyl mercuric iodide, mercuric iodide, and tolyl sulphone, whilst the 
corresponding sulphonic chloride does not react under the same con¬ 
ditions.^ (See j). 76.) 

p-Tolylmercury 2:4: 6-trinitrophenyl, M.pt. 203*" C., is prepared 
in a similar manner to the phenyl compound from p-tolylmercuric 
trinitrobenzoate.® 


Benzyl Compounds. 

The production of mercury dibenzyl appears to have been a matter of 
considerable dilficulty.'^ Attempts to prepare it by the amalgam method 
failed, and the first successful preparation was made by use of Grignard’s 
reaction. 

Po])e and Gibson* prepared mercury dibenzyl by the interaction of 
Vienzyl magnesium chloride and mercuric chloride in dry ether. This 
method was improved by Wolff,® and Jones and Werner,^® the latter 
investigators obtaining a greatly increased yield by substituting benzyl- 
mercuric chloride for mercuric chloride; 3-8 grams of magnesium, 20 
grams of benzyl chloride, and 85 grams of benzyl mercuric chloride, 
giving 40 grams of mercury dibenzyl. Another method has recently 
been described in which benzyl chloride is treated with an excess of 
magnesium dust, the liquid decanted off and mercuric chloride added to 
the solution. This mixture is boiled and shaken, then treated with 
dilute acetic acid and extracted with ether, from which the product 
crystallises.^^ 

^ Ladenburg, AnnahUy 1874, 173 , 162; Zeiser, Ber., 1895, 28 , 1670. 

2 Michaelis, AnnaUn, 1896, 293 , 292. 

® Kunz, JSer., 1898, 31 , 1528. 

* Zeisor, Ber., 1895, 28 , 1670. 

® Whitmore and Thurman, J, Amcr, Chem, Boc.y 1923, 45 , 1068. 

® Kharasch and Grafflin, J, Amer. Chem. Soc.y 1925, 47 , 1948. 

’ Campisi, CompU rend,, 1866, 61 , 861 ; Wurtz, Compt, rend,, 1869, 68 , 1300 ; Breher 
and Otto, Annulen, 1870, 154 , 176. 

* Pope and Gibson, Trans. Ghem. Soc., 1912, lOi, 735. 

» Wolff, Ber., 1913, 46 , 64. 

Jones and Werner, J. Amer. Chem. Soc., 1918, 40 , 1267. 

Ban 6 s, Anal, Fis, Qiiim., 1922, 20 , 667. 
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Mereiity dibciizyl may also be obtained in 75 per eent. yield by the 
action of co])per on a pyridiiu* solution of benzylmcrcuric chloride in the 
absence of air.^ 

Mercury dibenzyl crystallises in thin, lustrous, doubly refracting 
plates, readily soluble in chloroform or carbon tetrachloride, less soluble 
in benzene, ethyl acetate, or alcohol, and insoluble in ether or li^ht 
})etroleum. It is not decom])osed when boiled with water, and ^ives no 
absorption bands.^ When heatcal with «laeial acetic a(*id in a sealed tube 
for seven hours at 1 ()()° to 170° C. it yields mercury, toluene, benzyl 
acetate, and dibenzyl. 

Mercury 2:4:2': 4'-tetranitrodibenzyl, (C6lI;j(N02)2.CIT2)2lI^, 
is obtaiiK'd by heating mer(‘uric 2-4-dinitrophenylacetate to ISO' C. 
It melts at 2»‘35° C., and when heated in the dry state yields tetranitrodi- 
benzyl.^ 

Xylyl Compounds. 

Mercury di-o-xylyl crystallises in long needles, M.pt. 1.50" C., 
easily soluble in benzene, ehlorof(»rm, or carbon disulphide, l(*ss soluble 
in ether or alcohol. It has iu‘ver been ]>repared by any direct means, 
but was isolated as a by-product by the interaction of monobromo-o- 
xylol, C1I.J: CII 3 : llr —1 : 2 : 4, soduim amalgam, and chloroformie 
ester.'** 

Mercury di-m-xylyl is pr(‘pared by the addition of 150 grams oi* 
1 •8-4-bromoxylcne to 2 i)er cent, sodium amalgam and the mixture then 
heated for twelve hours at 140° to 150° C. Tlu' compound crystallises 
in fine needles, M.pt. 100 " to 170° C., dillicultly soluble in alcohol or cold 
ether, readily soluble in hot benzene. It is decomposed by hot hydro¬ 
chloric acid into tlie hydrocarbon and mercuric chloride. Heated" with 
])hosphorous tricliloride at 280° C. it yields m-xylylmercuric chloride and 
m-xylyldichloro})hosphine, whilst arsenic trichloride gives m-xylyl- 
dichloro-arsine.'^ 

Mercury di-p-xylyl is formed under similar conditions to the ortho¬ 
compound. It crystallises in ])risms, M.})t. 128° C., and undergoes th(‘ 
same reactions as the meta derivative. 

Higher Benzene Homologues. 

Mercury dimesityl forms glistening silver needles, M.pt. 230° C., 
fairly soluble in benzene, less soluble in alcohol. Yield small.'^ 

Mercury dipseudocumyl occurs as wliite ])risms, M.pt. 189° C., 
and is less soluble in alcohol than the mesityl compound and not de- 
comj>osed on prolonged heating with concentrated hydrochloric acid. 
It may be ])repared in the usual way, using 1-5 per cent, amalgam.® 

Mercury dipentamethylphenyl, (C 6 Me 5 ) 2 Hg, has been isolated 
from tlie interaction of sodium amalgam, bromopentamethyl benzene, 
and chloroformie ester, as small prisms, M.pt. 266° C. It distils at higher 

^ Hein, Wagler, and Rotter, Ber., 1925, 58 , [B], 1507. 

^ Purvis and M‘Cleland, Trans. Che 7 n. Soc., 1912, loi, 1514. 

“ Jones and Werner, J, Amer. Ghem. Soc., 1918, 40 , 1257. 

* Kharasoh, J. Amer. Ghem. 80 c., 1921, 43 , 2238. 

® Jacobson, Ber., 1884, 17 , 2372. 

• Weller, Ber., 1887, 20 , 1718; Michaelis, Annalen, 1902, 320 , 330. 

^ Michaelis, Ber., 1895, 28 , 588. 

® Iklichaelis, ibid. 
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temperatures with partial decomposition and is easily soluble in hot 
xylene, less soluble in ether, and insoluble in alcohol.^ ^ 

Mercury dicumyl yields white needles, M.])t. 131° C., soluble in 
alcohol, ether, chloroform, benzene, or xylene. It has a charaeteristie 
smell and is easily decomposed when heated with hydrochloric acid.‘^ 

Cyclohexyl Compounds.^ 

Mercury dicyclohexyl. —This compound proved more difiicult to 
isolate than the phenyl derivative, but has been obtained by the action of 
nienairic bromide on a lar^^e excess of magnesium cyclohexyl bromide. 
It is much less stable than mercury diphenyl, decomposing even in a few 
hours to a black oil when kept over phosphorus pentoxide in the dark in 
a vacuum desiccator. Mercury dicyclohexyl forms white, hard granules, 
M.pt. 78° to 79° C., which are more soluble than mercury di})hcnyl, and 
combines directly with mercuric halides or cyanide in any solvent 
to form cyclohexylmercuric salts. It has also been prepared by the 
sodium amalgam method, when it is said to form white needles, M.pt. 
139° C., which can be sublimed in small quantities in vacuo,^ 

Mercury di-4-methylcyclohexyl is a colourless liquid, density 
1*459 at 21° C., and cannot be distilled without decomposition. 

Diphenyl Derivatives.® 

Mercury bis-diphenyl, (CgIl 5 .CgH 4 ) 2 lIg.—Treatment of m-bromo- 
diphenyl with sodium amalgam in the usual way gives a yield of 10 per 
cent, of the above product. It crystallises from benzene in small scales, 
which melt at about 216° C. and are almost insoluble in the usual 
solvents. Concentrated hydrochloric acid on prolonged boiling docs not 
decompose the compound, and its halogen derivatives are only formed 
when it is heated in sealed tubes with mercuric halides. They are white 
crystalline powders, melting above 825° C. 

Dimercury bis-diphenyl. —Hg(CeH 4 — 0 ^ 114 ) 2 Hg is the formula 
given to a body obtained when the above bromodiphenyl is replaced 
by dibromodiphenyl. Its composition appears to be doubtful. 

Naphthyl Derivatives. 

Mercury di-a-naphthyl, (C^qH^ —Bromonaphthaleneis mixed 

with several times its volume of hydrocarbons, B.pt. 120° to 140° C., one- 
tenth of its volume of ethyl acetate, and the whole treated with a slight 
excess of 4 per cent, sodium amalgam. After boiling for eighteen hours 
the mixture is filtered hot, mercury dinaphthyl appearing in white, 
glistening, microscopic, rhombic columns on cooling. It has been more 
recently prepared by treating a-naphthylmercuric bromide in pyridine 
solution with copper.’ The crystals, which melt at 248° C., are easily 
soluble in hot carbon bisulphide or chloroform, and may be reprecipi- 

^ Jacobson, Ber., 1889, 22 , 1216. 

® Hichaelis, Bcr,, 1896, 28, 688 ; Schiff, ibid.^ 1877, lo, 174.5. 

® Griittner, Bcr., 1914, 47 , 1661. 

• Tiffeneau and Gannag4, Bull, Sci, Pharmacol,, 1921, 28 , 7. 

« Michaelis, Ber„ 1896, 28 , 692. 

* Otto and Mories, AnimUn, 1868, 147 , 164 ; Otto, Annahn, 1870, 1S4» 

^ Hein, Wagler, and Rctter, Ber., 1926, 58 , [B], 1.507. 
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tated by alcohol or ether, also slightly soluble in benzene, insoluble in 
water. 

When heated with concentrated halogen acids, naphthalene, mercury, 
and halogen halides are formed, but 15 per cent, aqueous hydrocyanic 
acid has no effect, even on prolonged heating. Dilute nitric acid decom¬ 
poses mercury di-a-naphthyl, forming naphthalene, and fuming nitric acid 
gives nitronaphtlialencs. Concentrated sul])huric acid yields mercuric 
sulphate and naphthalene siiljdionic acid, whilst glacial acetic acid gives 
a-naphthylmercuric acetate and naphthalene. A solution of mercury di-a- 
naphthyl in acetone when boiled with mercuric chloride is converted 
to a-naphtliylmercurie chloride.^ Mere\irie iodide when heated for one 
hour with mercury di-a-naplithyl in a sealed tube at 150“ C. in alcoholic 
solution gives a-naphtliylmercuric iodide. Mereiirie bromide acts in a 
similar manner to the chloride when the reaction is carried out in alt*ohol 
in a sealed tube at 120“ to 100“ C., and bromine also gives naj)hthvl 
mercuric bromide under the same conditions. Iodine in carbon bisul¬ 
phide yields the corresi)onding iodide, provided tin* halogen is not in 
excess, in the latter case tlie products are mereurie iodide and a-iodo- 
najdithalcne. Arsenic trichloride reacts to form a-naphthyldichloro- 
arsine at high tem})eratures.‘^ Nitrogen trioxide yields a-naphthyl 
mercuric nitrate and a-naphthyl diazoniiiin nitrate, but nitrogen tetr- 
oxide yields no nitrate or diazonium compound. The following sub¬ 
stances gave no product with mercury di-a-naphthyl: zinc, coj^per, or 
tin, the reaction being carried out in carbon disulpiiide ; tdhyl iodide ; 
alcoholic hydrogen sulphide ; sodium amalgam, the reaction being con¬ 
ducted in alcoholic solution. 

Mercury di-j8-naphthyl .^- jS-llroJiionaphthalene in about three 
times its weight of diy xylene is treated with 5 ])er cent, of its weight of 
pure ethyl acetate and a large excess of pasty sodium amalgam. The 
mixture is gently boiled for thirty hours, cooled, and a large excess of 
benzene added. After again boiling, the whole is filtered, when 
mercury di-j8-naphthyl crystallises out in glittering scales, M.])t. 238“ C. 
Yield 30 to 35 per cent. The crystals are moderately soluble in boiling 
hydrocarbons, very slightly soluble in alcohol and ether, and insoluble 
in water. The compound is completely deconqiosed when warmed 
with concentrated mineral acids, forming mercuric salts and substituted 
naphthalenes. When distilled over soda lime it yie‘lds /3j8-dinaphthyl. 
When boiled for one hour with se\'en i)arts of arsenious chloride it gives 
jS-naphthylarsenious chloride.^ 

Thiophene Compounds. 

Mercury 2 : 2'-dithienyl/ 



s 



This derivative has been prepared in several ways. 

1 Steinkopf, Annalen, 1917, 413 , 310. 

* Kelbe, Ber,, 1878, 11 ,1503 ; Michaelie and Schultze, ibid., 1882 , 15 , 1954 . 

a Michaelis, Ber., 1894, 2% 244; Chattaway, Tram. Chem. Soc., 1894, 65 , 877. 

* Michaelis, Annalen, 1902, 320 , 342. 

» Steinkopf and Bauermeister, Annalen, 1914, 403 , 61. 
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1 . Ten grams of 2-chloromercuri thiophene (p. 97) in 150 c.c. of hot 
xylene are treated with 2 grams of sodium and shaken Tor tliirty minutes, 
then heated to boiling and filtered. From the filtrate 2-8 grams of 
mercury dithienyl are obtained on cooling. 

2 . When 2-(;hloromercuri thiophene or iodide in acetone is treated 
with sodium iodide in the same solvetit mercury dithienyl results.^ 

3. Mercury dithienyl may also be obtained in 90 per cent, yield l)y 
the reduction of 2-clilorotnercuri thioj)heJie in ])yridine-sodium hydroxide 
solution by means of‘ stannous chloride.^ 

Mercury 2 : 2'-dithicnyl crystallises from benzene in ])ure whiter 
crystals, M.pt. lOH*^ to lOO"" C., insoluble in water, slightly soluble in hot 
alcohol, readily soluble in benzene or warm chloroform. \Vh(*u its 
acetone solution is treated with mercuric halides tiu* (‘orr(‘sponding 
2 -halidemercuri tliio])henes are obtained. It reacts r(*adily with arsenic 
trichloride, yielding trithienylarsine, dithienylchloroarsine, and thienyl- 
diehloroarsine. 

Mercury 5 : 5'-dichloro-2 : 2'-dithienyl, 


Cl 


\/' 

8 


-Hg- 


■\y 

s 


bl 


is formed when an acetone solution of sodium iodide is added to 
2 -chloroniercuri 5-iodothioj)hene in tin* same solv(*nl. It crystallises 
from alcohol in glistening silver crystals, M.j)t. 155*^ C., soluble in acetone 
or ethyl acetate, in warm benzene or chloroform, and with dillieulty in 
li groin. 

The corresponding 5 : 5'-dihromo-compound forms white, matted 
crystals from benzene, M.jit. 188^^ C. It readily dissolves in warm 
benzene or chloroform, but is not very soluble in alcohol. 

The 5 : 5'-di-i()d()-derivative crystallises from a large bulk of hot 
xylene, in bright yellow needles, 244^^ to 245*^ C., only sliglitly soluble in 
the usual solvents. 

Mercury 5 : 5'-dimethyl-2 ; 2'-dithienyl crystallises from alcohol 
in white needles, melting at 102'^ to 162-5'' 

Mercury 5 :5'-di-n-propyl-2 : 2'-dithienyl yields silvery crystals, 
melting at 57° to 58° C. It is formed from 5-ehloromercuri-2-n-propyl- 
thiophene by the action of a little more than 2 molecules of sodium 
iodide in acetone solution. The corresponding di-isoamyl compound 
forms shining crystals from alcohol, melting, not very sharply, at 55° to 
57° C. 

Mercury 5 : 5'-dibenzyl -2 : 2' -dithienyl. —Four grams of 5- 
chloromercuri-2-benzylthiophene in 250 c.c. of acetone are mixed with 
1-7 grams (2 mols.=l*62 grams) of sodium thiocyanate in 30 c.c. of 
acetone. The addition of sodium chloride solution precipitates the 
body (2*3 grams). It is digested with water, dried, and recrystallised 
from xylene. It melts at 209° to 210° C., previously sintering ; is easily 
soluble in hot toluene, xylene, or pyridine, sparingly in warm benzene 
and insoluble in alcohol, acetone, or ethyl acetate, 

1 Steinkopf, AnnaUn, 1917, 413 , 310. 

* Steinkopf, ibid., 1923, 430 , 71. 

^ Steinkopf, ibid., 1921, 424 , 40. 
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Merctiry 3:4:3': 4'-tetrainethyl-2 : 2'-dithienyl, 


Moi 


I r 

I L 

s 


Me 


-Hg- 


J I 
S 


is obtained from 2-iodomerciiri-3: 4-diniethy]thiophene in the usual way. 
It melts at 15^)^ to 150^^ C. and has similar solubilities to the above 
compounds. 

Mercury 3:5:3': 5'-tetramethyl-2 : 2'-dithienyl crystallises 
from alcohol in silvery })lat(‘s, M.pt. 160° to 161° i\ 

Mercury 2:5:2': 5'-tetraniethyl-3 : 3'-dithienyl, 


S S 


In order to prepare this derivative, sodium is added to a boiling solution 
of 3-chloromereuri-2:5-dimethyl thiophene in xylene and the solution 
filtered wliilst liot. The product obtained on cooling is fractionally 
crystallised from benzene to remove any unchanged starting product. 
The dithicnyl melts at 144° to 145° C. 

Mercury 2:5:2': 5'-tetraphenyl-3 : 3'-dithienyl is deposite d 
in prismatic Jieedles from xylene, M.pt. 260° to 261° C. 

Mercury-5 : 5'-dichloromercuri-2 : 2'-dithienyl,* 


I 


r" 


s s 


may be prepared as follows :— 

Ten grams of 2: 5-dichloromercuri thiojdiene in 50 grams of pyridine 
arc heated in an oil-bath. At 70° to 75° C. a flocculent precipitate 
separates out, and the temperature is raised to 100° C. and maintained 
for thirty minutes. The product is not quite white, is insoluble in 
pyridine and the usual solvents, and remains unmelted at 325° (!. 

A second method of preparation consists in suspending dimercury 
2 : 2' : 5 : 5'-dithienylene in pyridine and treating witli menturic chloride 
in the same solvent. Yield 35 per cent. 

Dimercury 2 : 2' : 5 : 5'-dithieiiylene, 

CH =C-Hg-C -CH 

> < I 

CH-C-^Hg-C=CI1 

is obtained when 1 gram of 2: 5-dichloromercuri thiophene in 100 c.c. of 
pyridine is treated with 0*75 gram (2 mols.) of sodium iodide in 80 c.c. 
of pyridine. A yield of 0-37 gram (72 per cent.) of substance is 
obtained. When 4 mols. of sodium iodide are used only a 50 per cent, 
yield is obtained, and with 2 mols. of sodium thiocyanate only a 24-5 

^ Steinkopf, Bielenberg, and Jensen, AnnaUn, 1923, 430 , 71. 
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per cent, yield. The body is halogen-free, non-erystalliiu*, and in¬ 
soluble in pyridine and all the usual solvents. It does not melt at 
330° C. 

Dimercury 3 : 3' (or 4')-diethyl-2 : 2' : 5 : 5'-dithienylene, 
CKt-C-Ilg-C-CIl CKt-C llg - C CEi 



CIl -C-Ilg —C -CKt CH -C-Hg-C -CH 


‘2:5-Dichloromereuri-3-(‘thylthioj)hcne (2*7.5grams) is dissolved in 275 v.r. 
of pyridine, and with rapid stirring, 3*1 g^ms (4 mols.) of sodinm 
iodide in 300 c.c. of ])yridinc added, the stirring being maintained tor 
five and a half hours. Yield 1*43 grams, that is 97 per cent. The 
})rodiK!t is a yellow powder, blackening at 250° C. and decomposing at 
300° to 315° C!., and is insoluble in the usual solvents. When treatc'd 
with 2 mols. of mercuric chloride in [)yridine solution at 35° to 45° C. it is 
converted into 2 : 5-dichloromercuri-3-ethylthiophene.^ 

Dimercury 3:4:3': 4'-tetramethyl-2 : 2' : 5 : 5'-dithienylene, 

CMc=C-Hg-CMe 

1 > < I 

CMe=C-^lIg=CMc 

Three grams of 2 : 5 diehloromercuri-3: 4-dimethylthiophene and 3*3 
grams (I mols.) of sodium iodide in 300 c.c. of j^yridinc are stirred for 
two hours, 'I'ho precipitate is insoluble in all solvents and blackens at 
310° C. Yield 1*53 grams (90 per cent.). 


, Compounds of the Type RHgR'. 

Mercury ethyl phenyl Phenyl magnesium bromide (23 grams) 
in absolute ether is treated with ethyl mercuric chloride (9*5 grams) in 
small portions. After boiling gently, the mixture is allowed to stand 
for one hour, and then decomposed with 1 per cent, sulphuric acid. 
The ethereal solution is separated, dried, and cva 2 )orated at 40° C. in 
vacuo, when the compound is obtained as an oil. It is fairly soluble in 
organic solvents, and wh(*n kej)! for several months decomj^oses into 
mercury diethyl and mercury diphenyl. 

Mercury ethyl benzyl is prepared from ethyl magnesium bromide 
and benzylmercuric chloride. It is an oil, decomposing on long keeping 
into mercury diethyl and mercury dibenzyl. When treated with thallic 
chloride it yields thallous chloride, ethylmcrcuric chloride, benzyl- 
mercuric chloride, and benzaldehyde.® 

Mercury phenyl benzyl. —To 32 grams of phenyl magnesium 
bromide (4 mols.) in dry ether, 10*5 grams of finely powdered benzyl- 
mercuric chloride are added in small portions, and the mixture worked 
up as above. A faint yellow oil is obtained, which is freed from 

^ The use of 4 mols. of mercuric chloride gives the same product. 

^ Hilpert and Griittncr, Ber,, 1916, 48 , 906. 

3 Goddard, Tracis. Chem. 80 c., 1923, 123 , 1168. 
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impurity by shaking with five times its volume of cold absolute alcohol, 
and then poured into 200 c.c. of boiling alcohol, and the whole strongly 
cooled. The oil separates out, and is treated several times with alcohol 
as above, and linally dried in vacuo over j)hosj)horus pentoxide at 85"^ C. 
It is slightly soluble in water or cold alcohol, easily in hot alcohol, 
and miscible with ether, })etrole\im ether, benzene, and its homologu(\s. 
At 80° C. it is rapidly decomposed to mercury, dibenzyl, and 
mercury dibenzyl, whilst at ordinary tem])eratures it slowly (ihanges 
to nuTcury diphenyl and mercury dibenzyl. With faintly acid or 
neutral solutions of silver nitrate it gives a i)recipitate immediat(*ly, 
the latter containing no halogen, and when the mixture is boiled silver 
se])arates. 

Mercury o-tolyl benzyl is a colourless oil, from o-tolyl magnesium 
bromide and benzylniereuric bromide. It absorl)s iodine, yielding 
b(‘nzy]inereurie iodide, and when heat(‘d at 80° C. for several hours it 
decomposes into mercury, dibenzyl, and mercury di-o-tolyl. 

Mercury phenyl thienyl,^ 


/\ 
I I 




'-Hg- 


I I 
I ! 
~\/ 


To 7*4 grams of thienyl magnesium bromide in 50 c.c. of ether, 10 grams 
of phenylnu^reuric chloride are added in small portions, and a lively 
reaction ensues giving a clear solution. After completion of the re¬ 
action the mass is deeom])os(‘d with 1 j)cr cent, hydrochloric acid and 
extracted with ether. From the latter solution 7 grams of faint yellow 
])roduct are obtained, which on crystallisation from alcohol gives silver- 
grey plates. Repeated crystallisations give crystals, melting at 103° to 
165° C. 

Mercury phenyl-p-tolyl,^ —Kharasch and Marker have recently 
criticised the preparation of these asymmetrical compounds as i)raetised 
by Ililpert and Griittner, on the grounds that the difficulty of obtaining 
the compounds was due to their use of too large an excess of Grignarcl 
reagent, and not controlling the temperature sufficiently. Their modi¬ 
fication of Hilpert and Griittner’s method is illustrated by applying it 
to the prejDaration of menairy phenyl-p-tolyl, carried out as follows: 
To two molecular equivalents of phenyl magnesium bromide in dry 
ether, one molecular equivalent of finely powdered j)-tolylmcrcuric 
chloride is added in small j^ortions, with constant shaking. The tempera¬ 
ture is maintained at 5° C., the shaking continued until all the p-tolyl 
mercuric chloride dissolves, and the mass decomposed with 0-1 per cent, 
sulphuric acid, the temperature during the latter operation being kept 
below 10° C. The product is extracted witn ether, the solution dried 
over anhydrous sodium sulphate, and the solvent removed in vacuo. 
The residue is then washed five times with alcohol and again dried 
in vacuo. 

This method is used to prepare the derivatives shown in the following 
table, and the results of decomposing them with alcoholic hydrogen 
chloride and alcoholic mercuric chloride are given:— 


^ 8 teinkopf, A miakyiy 1923, 430 , 70. 

* Kharasch and Marker, J, Amtr. Vhem. JSoc., 1926, 48 , 3130. 
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Compound. 

Products obtained by Decomposition of the Compounds with 

(1) Alcoholic mercuric chloride. 

(2) Alcoholic hydrogen 
chloride. 

Mercury methyl phenyl. (Liq.) 
Mercury methyl benzyl, (biq.) 
Mercury methyl butyl. (Liq.) 
Mercury methyl cyclohexyl. (Liq.) 
Mercury methyl mesityl. (Solid.) 
Mercury ethyl imphthyl. (Liq.) 
Mercury ethyl benzyl. (Liq.) 

Mercury propyl butyl. (Liq.) 
Mercury butyl isoamyl. 

Mercury butyl phenyl. (Liq.) 
Mercury i)henyl cyclohexyl. (Solid.) 
Mercury ])henyl naphthyl. (Solid.) 
Mercury phenyl o-anisyl. (Solid.) 
Mercury phenyl mesityl. (Solid.) 
Mercury phenyl p-tolyl. (Solid.) 

CA.HgCl 1 CH,.HKa 

CoHj.CH,.HgCl+CHj.Hga. 

C4U8.HgCl+0H,.HgCl. 

(!,H...Hg(!l+CH,.Hga 

(CH,),.C.H,.HgCl+CH,.Hga. 

C.„H,.HgCH-C,H..HgCl. 

C,H5.CH,.HgCl+C,H,.Hg€l. 

C!,,H,.HgCH-C,H,.HgCl. 

().H,.HgCH-O.H„.Hga. 

C4H,.HgCI+C:,H,.HgCl. 

C,H„.Hg€l+C.H..Hga. 

(!,„U,.HgCl+C,H4.HgCI. 

.,.C,H4(C)CH,).Hga4-C4H,.HgC;l. 

{(lH,),.C,H,.HgCl+C.U4.HgCi. 

CH3.C,H4.HgCl+C,H5.Hga. 

CHaJIga. 

0,H3,CH3.HgCI. 

(!iH,.HgCl. 

C.H.j.Hga. 

CH,.HgCl. 

C3H..Hga+C,„H,. 

(l,H5.CH3.HgCH-C,U,. 

HgCl. 

C,H,.Hga+C4H3.Hga 

04H,.HgCl+C,H„.HgCI. 

C.H,.HgCl. 

C«Hu.HgCl. 

(!,H3.HgOH-C.,H,. 

(!.H3.HgCl. 

C.H3.HgCl. 

C.H3.Hga. 


Compounds of the Type RHgX. 

Phenylmercuric Compounds. 

Phenylmercuric chloride, C^gllgHgCl.—This substance is obtained 
in several ways : 

1 . A 94 per cent, yield may be obtained from mercury diphenyl 
under the following conditions ; 2*5 grams of the latter substance in 
25 c.c. of acetone are treated with 1*95 grams of mercuric chloride in 10 c.c. 
of acetone, when phenylmercuric chloride (3*7 grams) is immediately 
precipitated. A further 0*5 gram may be recovered from the filtrate by 
the addition of water.^ A similar reaction takes place in alcohol. 

2. A large number of substances react with mercury diphenyl, 
giving phenylmercuric chloride as one of the products of reaction, the 
yield in some cases being very small. The following list gives the most 
important of these reagents ;— 

Dry chlorine gas,^ hypochlorous acid,^ thallic chloride,® silicon 
tetrachloride,^ stannic chloride,^ zirconium tetrachloride,® phosphorus 
trichloride,^ mercurous chloride,® tliionyl chloride,® benzene sulphonic 
chloride, benzal chloride,phenyl iododichloride.^® 

^ Steinkopf, Annalen, 1917, 413 , 329. 

2 Dreher and Otto, Annalen, 1870, 154 , 93. 

® Goddard, Trans, Vhem, Soc., 1922, 121 , 40. 

* Ladenburg, Annalen, 1874, 173 , 162. 

® Aronheim, Annalen, 1878, X 94 , 148. 

« Peters, Ber,, 1908, 41 , 3173. 

’ Bchwarze, J. praki. Chem., 1874, 10 , [ 2 ], 222 j Micliaelis and Graeif, Ber., 1875, 8 , 
922 ; Michaelis, Annalen, 1876, i 8 l, 290. 

® Otto, J. praK Chem,, 1870, I, [2], 179. 

* Heumann and Kdchlin, Ber., 188.3, 16 , 1626. 

Otto, Ber., 1885, x8, 246. 

Kekul 6 and Franohimont, Ber., 1872, 5 , 906. 

» Willgerodt, Ber., 1898, 31 , 916. 




$8 


ORGANOMETALLIC COMPOUNDS. 


3 . From benzene.^ A mixture of 50 grams of mercuric acetate, 
50 c.c. of glacial acetic acid, and 100 c.c. of thiophene-free benzene is 
heated in a pressure flask for five hours at 100° C., then cooled, the 
residue filtered off and washed several times with benzene. The filtrate 
which contains tlie acetate is evaporated down and treated with alcoholic 
calcium chloride solution, when the chloride is precipitated. This is 
filtered off and washed with hot water to remove any adhering calcium 
chloride. 

4. From benzene sulphinic acid.^ This acid in dilute alcohol is 
treated with an aqueous solution of mercuric chloride and the whole 
heated until the evolution of sulphur dioxide ceases. The solid product 
thus obtained is found to contain small quantities of phenylmercuric 
chloride, 

5. By heating phenyl boric acid with aqueous mercuric chloride 
solution.*"* 

C. By heating triphcnylstibine with 3 mols. of mercuric chloride, 
when antimony trichloride and S mols. of ])henylmcrcuric chloride 
are formed.'* 

7. Phenylmercury 2:4: 6-trinitrophenyl is boiled with mercuric 
chloride in alcoholic solution, phenylmercuric chloride and trinitro- 
phenylmercuric chloride being formed.® 

PIicnylmercuric chloride crystallises from a large quantity ol’ hot 
benzene in satin plates, melting at 250° to 251° C., insoluble in water, 
and only slightly soluble in cold alcohol or benzene. It readily sublimes 
without decomposition on gently heating. 

Treatment with moist silver oxide gives a solution of the correspond¬ 
ing hydroxide ; dry silver oxide does not yield an oxide but decomposes 
the chloride with formation of mercury diphenyl, mercuric oxide, and 
silver chloride.® When an acetone solution of phenylmercuric chloride 
is treated with a similar solution of sodium iodide, phenylmercuric 
iodide is formed.’ Arsenic trichloride heated at 100° C. for four to five 
hours with the chloride yields phenyl diehloroarsinc.® With phenyl 
iododichloride it yields mercuric chloride and diphenyl iodoniuni 
chloride.® Ethyl mercaptan decomposes phenylmercuric chloride at 
150° C., yielding ethyl thio-mercuric chloride, ClHg.SEt.*® 

Phenylmercuric bromide may be obtained from phenyl mag¬ 
nesium bromide and mercuric bromide in dry ether; ** by the inter¬ 
action of mercury diphenyl and two atoms of bromine; if four atoms 
of the halogen arc used, bromobenzene and mercuric bromide result.*^ 
When mercury diphenyl and mercuric bromide in alcoholic solution arc 
heated at 120° C., and when ethylene dibromide and mercury diphenyl 
are heated at 200° C. this bromide is also formed. 

The bromide crystallises in a similar form to the chloride, and melts 

^ Boeder and Blasi, Ber., 1914, 47 , 2761. 

* Peters, Ber., 1905, 38 , 2667. 

® Michaelis and Becker, Ber„ 1882, 15 , 182. 

^ Michaelis and Reese, Annahn, 1886, 233 , 49. 

® Kharasoh and Orafiiin, J, Armr. Chem, Soc., 1926, 47 , 1948. 

® Otto, J, prakt, Chern,, 1870, i, [ 2 ], 184. 

’ Steinkox)f, AnneUen, 1917, 413 , 329. 

® Boeder and Blasi, loc, cit. 

• Willgerodt, J5er., 1898, 31 , 915. 

Sachs, Ber., 1920, 53 , 1737. 

Hilj^rt and Griittner, Ber., 1913, 46 , 1686. 

^ Dxener and Otto, Anrtakn, 1870, 154 , 93. 
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at 276"^ C.; it resembles the chloride in its solubility and general pro¬ 
perties. An alcoholic solution of ])otassiiun sulphide on prolonged 
boiling with the bromide gives mercury diphenyl, mercuric sulphide, and 
l)otassium bromide. 

Phenylmercuric iodide may be obtained as follows :— 

1 . From phenylmercuric chloride and sodium iodide, the reaction 
being carried out in acetone. Yield 77-5 per cent.^ 

2 . Mercury diphenyl in alcohol or carbon bisulphides is treatecl with 
a solution of iodine in the same solvent.^ A similar result is obtained if 
mercuric iodide replaces the iodine and the whole is boiled. 

3. Phenylmercuric cyanide is decomposed by iodine, yielding the 
iodide.^ 

The iodide crystallises in glistening satin plates, melting at 2(IY’ to 
2 (>()" C. The (crystals are odourless, not affected by light, insoluble in 
water, very slightly soluble in cold alcohol, ether, benzene, readily 
soluble in chloroform or hot benzene. When heated above its melting- 
point phenylmercuric iodide gives mercuric iodide. 

When an alcoholic or carbon bisulphide solution of the iodide is 
treated with iodine, iodobenzene and mercuric iodide result, but sodium 
iodide does not react with an acetone solution of the iodide.^ Sodium 
amalgam reacts with an alcoholic solution of phenylmercuric iodide 
giving mercury, mercury diphenyl, and hydrogen iodide, but if tint 
reaction be carried out in dry benzene, mercairy, mercury diphenyl, and 
sodium iodide are obtained.^ 

Phenylmercuric thiocyanate, U(jIl 5 Hg.C-NS.^—This compound 
was first obtained by heating togetlier ('qual molecules of mci’cury 
di])heiiyl and mercury thiocyanate, and later by treating j)hcnyi- 
mercurie iodide with free thioeyanogeii in carbon bisulphide solution. 
It has more recently been formed by treating j)hcnyl mercuric chloride 
with sodium thiocyanate in at^ctonc solution, or boiling mcreur}^ di- 
])henyl with mercury thiocj^anate in acetone solution.'^ It crystallises 
in small, pearly plates, melting at 281° to 232*5° C., insoluble in water, 
soluble in boiling alcohol or benzene.® 

Phenylmercuric cyanide.® When an equal number oi* molecailcs 
oi* mercury di})henyl and mercuric cyanide in aleoliolie solution arc 
heat(‘d in a sealed tube at 120° the cyanide is formed. It is also 
obtained when the corresponding iodide is treated with silver cyanide. 
Frojn benzene it crystallises in large rhombic jdates, melting at 203 ’ to 
204<° C., somewhat soluble in boiling water, easily in boiling alcohol. 
Heated in a sealed tube at 120° C. with concentrated hydrochloric acid 
it gives benzene, mercuric chloride, formic acid, and ammonium chloride ; 
heated with })otassium hydroxide it yields mercury, benzene, and 
potassium eyanate. It is decomposed by iodine, with formatioji of 
phenylmercuric iodide and cyanogen iodide, and by hydrogen sul2)hide 
yielding benzene, mercuric sulphide, and hydrogen cyanide. 

Phenylmercuric hydroxide. —Solutions of this body are obtained 

^ Steinkopf, Annahn, 1917, 413 , 329. 

2 Dreher and Otto, Zoc. cit. 

8 Otto, J, praU, Ghcm,, 1870, i, [2], 182. 

* Steinkopf, foe. cit, ® Dreher and Otio, foe. cit, 

® Otto, J. prakt, Ghenu, 1870, i, [2J, 182; Sdderback, Annakn, 1919, 419 , 266. 

" Steinkopf, Anmlen, 1921, 424 , 60. 

8 For the type R'.Hg.S.R^, see Sachs, Annahn, 1923, 433 , 164. 

® Otto, foe, cit. 
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when mercury diphenyl is oxidised by potassium permanganate, ^ or when 
the corresponding halides are treated with moist silver oxide. The com¬ 
ponents are boiled in alcohol, then evaporated m vacuo, when small, 
w^hite rhombic prisms are deposited, sintering at 160® C. and melting 
above 200® C'. The crystals arc slightly soluble in cold water, more 
soluble in alcoliol or bc'iizene. The aqueous solution liberates ammonia 
from its salts, and precipitates alumina from aluminium salts. Treat¬ 
ment with acids yi(‘lds the corresponding salts. 

Phenylmercuric nitrate. —Alcoholic solutions of the chloride on 
long boiling with silver nitrat(‘ yield the nitrate in shining, rhombic 
plates, melting at 1()5® to 168 ' C. with dceomj)osition, somc\vhat soluble 
in boiling water, (‘asily soluble in boiling alcohol or bcn/enc. Treat¬ 
ment w ith concentrated nitric acid gives b(‘n/cn(.* and rnercniric! nil rate. 
Mercury diphenyl when treated wdth mercuric nitrate or nitrogen 
trioxide or tetroxide also yi(‘lds phenylmercuric nitrate.^ 

Phenylmercuric carbonate** is ])re}>ared from the chloridt* in a 
similar nianiuT to the nitrate using silver carbonate. It forms small, 
w*hitc‘ ji(‘cdles. very slightly soluble in boiling water, easily soluble in 
boiling alcohol or Ixaizenc. When heated it melts with decomj)()sition, 
and with strong acids gives carbon dioxide and the corresponding salts. 

Phenylmercuric formate.^ When mercury diphenyl and formic 
acid are boiled for a short time, then poured into water, the formate is 
preci])itatcd. It crystallises from hot formic acid in glistening ])lates, 
M.pt.l71®C. 

Phenylmercuric acetate may be prepared as follows : - 

1. A mixture of 80 c.c. of benzene, 15 grams of mercuric acetate, and 
20 c.c. of 05 ])cr cent, alcohol are heated at 100® C. for live* hours. A 
yellow precij)itate forms during this time wdiich is dissohed by the 
addition of a few c.c. of glacial acetic acid. A further 20 c.c. of alcohol 
are now added and the heating continued for a further fifty hours. 
The solution is then filtered, evaporated to dryness, and the residue re¬ 
crystallised from 95 per cent, alcohol. Yield 12*6 grams (80 per cent.).^ 

2. By l)oiling a mixture of mercury diphenyl and glacial acetic acid. 

8. By heating mercury diphenyl and mercuric acetate in alcoholic 

solution in a sealed tube for one hour at 120® C.® 

4. By heating phenylmercuric iodide and silver acetate for a long time 
in dilute spirit. 

. 5. By l)oiling benzene for several hours at 110® C. wdth dry mercuric 
acetate.’ The acetate crystallises in small, w hite, odourless, glistening, 
oblique, rhombic prisms, M.pt. 149® C., easily soluble in hot water, 
glacial acetic acid, benzene, or alcohol. 

When heated at 150® C. phenylmercuric acetate gives carbon, 
benzene, mercury, oxygen, and acetic anhydride. J3ry distillation 
yields mercury, diphenyl oxide, and acetic anhydride. Distillation with 
sulphur gives mercury, benzene, acetic acid, acetic anhydride, and 
diphenyl sulphide. Boiling with dilute sulpHUric or hydrochloric acid 
produces benzene, acetic acid, and a mercuric salt. The acetate is 
reduced by nascent hydrogen to benzene, mercury, and acetic acid. 

^ Otto, J, prakt. Chem„ 1884, [2], 29 , 136. 

® Bamberger, Ber., 1897, 30 , 506. « Otto, he. cit. 

* Dreher and Otto, AnnaUn, 1870, 154 , 93. 

* Maynard, J. Atner. Chem. Soc., 1924, 46 , 1511. ® Otto, he. cit. 

^ ’ Dimroth, Ber., 1898, 31 , 2154 ; 1899, 32 , 758. 
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Treated with iodine, a warm aqueous solution yields iodobenzene, acetic 
acid, and mercuric iodide. Aqueous or alcoholic hydrogen sulphide gives 
a heavy white precipitate, which turns gray and then black, the result¬ 
ing solution containing benzene, acetic acid, and mercuric sulphide. 
Heated with yellow ammonium sulphide at ]() 0 ° to llO*^ C. in sealed 
tubes gives a similar result to the preceding. Heating witli arsenic 
trichloride for four to five hours at 100 ° C., gives phenyldichloronrsine.^ 

lleduetion by alkaline sodium stannite gives mercury diphenyl in 
05-0 per cent, yield.^ 

Phenylmercuric propionate, prepared in the same way as tlu^ 
formate, forms matted crystals, sintering at 145° C, and melting at 105° 
to 160° C. It may be recrystallised from water, and is also soluble in 
alcohol or benzene. 

Phenylmercuric myristate.’'* — Equal numbers of molecules of 
myristic acid and mercury diphenyl ar(‘ heated togetluT in alcoholic 
solution in a sealed tube at 120 ° C. Small, fatty, rhombic scales are ob¬ 
tained, insoluble in water, soluble in boiling alcohol or benzeiu*, and 
when boiled with In^droehloric acid they are decomposed into benzene, 
myristic acid, and mercuric chloride. 

Phenylmercuric sulphide.^ Phenylmercuric acetate is dissolved 
in ammonium hydroxide—ammonium acetate solution, and treated with 
hydrogen sulphide or an alkali sulphide, when phenylmercuric sulphide 
is preci])itated as a white amorj)hous powder. It is insoluble in water 
or alcohol but dissolves in chloroform, this solution soon decomposing. 
Hydrochloric acid liberates hydrogen sulphide, and continued boiling 
with alcohol gives mercuric sulphide and mercury dij)hcnyl. Heated 
to 10<S° C. the compound blackens and decomposes. 

Phenylmercuric thiocarbonate, (C(jH 5 Hg) 2 CS 3 . —When the above 
sulphide is dissolves! in cold carbon bisulphide the solution lirst deposits 
silky needles, and afterw^ards a yellow product which is only slightly 
soluble in carbon bisulphide. This substance is the thiocarbonate, 
which is insoluble in w ater or alcohol, slightly soluble in ether or benzene, 
more soluble in chloroform, and forms a clear solution in hot fuming 
h 3 ^drochloric acid. At 108° C. it blackens, mercuric sulphide being 
deposited and carbon disulphide evolved. It is rapidly decomposed 
when heated with benzene, with the production of mercury diphenyl and 
mcrcurfc sulphide. 

Phenylmercuric thiosulphate.^ Two molecules of idien^dmer- 
curic acetate in ammonium hydroxide—ammonium acetate solution arc 
treated with one molecule of sodium thiosulphate, when a white ])re- 
cipitate is obtained, insoluble in ordinary solvents but dissolving in 
concentrated hydrochloric acid, with evolution of sulphur dioxide and 
deposition of sulphur. This thiosulphate readily dissolves in aqueous 
sodium thiosulphate, the solution giving mercury diphenyl on standing. 
The compound is not decomposed when heated to 200 ° C. 

Compounds of Di(phenylmercuri)-amine, (CgH 5 Hg) 2 NH.® 

Pesci has shown that phenylmercuric salts react with ammonia to 
form salts of (C 0 H 5 Hg) 2 NH-", these compounds yielding ammonia 

^ Roeder and Blasi, Ber., 1914, 47 , 2752. 

* Maynard, J, Atmr, Chem. Soc., 1924, 46 , 1511; Dimroth, Ber., 1902, 35 , 2853. 

® Otto, J. prakt. Chem., 1870, i, [2J, 185. 

* Pesci, QdzzeUa, 1899, 29 , i. 394. ® Pesci, ibid. 


• Pesci, ibid., 1909, 39 , i. 147. 
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when decomposed, but no hydroxide when treated with alkalies or silver 
hydroxide, 

Phenylmercuriamine acetate, (CeH5Hg)2NH2.0.C0.CH3. —This 
compound separates out when pheiiylmercunc acetate is dissolved 
in ammonium hydroxide. It crystallises from methyl alcohol in 
needles, melting at 179° C., readily soluble in alcohol, sparin^^ly soluble in 
water. Excess of concentrated sodium thiosulphate or reriuxin^? with 
alcoholic carbon bisulphide ^ives mercury diphenyl. 

The nitrate is formed when ammonium nitrate is added to the above 
animoniacal solution of phenylmercuric acetate. It forms brilliant 
scales from alcohol, melting' at 230° to 235° C. with decomposition. 

The sulphate is precipitated by sodium suli)hatc and is an infusible 
precipitate, forming a compound with ammonium sulphate, 

[(CeH 3 Hg) 2 NlIj 2 S 04 .(NH 4 ) 2 S 0 , 

which crystallises in rectangular tablets. 

The chloride^ prepared from phenylmercuric chloride, crystallises in 
microscopic prisms, melting at 184° C. with decomposition. 

Tetra (phenylmercuri) thiourea, (C 6 H 5 Hg) 4 N 2 CS. - The above 
acetate; treated with thiourea gives this derivative and ammonium 
acetate. It is insoluble in the usual solvents and darkens at 104° to 
105° C. When boiled Avith alcohol it decomposes, giving mercuric 
sulphide, mercury diphenyl, and phenylmercuri cyanamide, 

{CeIl5lIg)4N2CS-llgSf(CeIl5)2Hk-f(^’6H5lIg 

Phenylmercuri cyanamide, formed as shown above, is a while 
amorphous powder which decomposes when heated. It is decomposed 
by cold dilute hydrochloric acid into phenylmercuric chloride and 
cyanamide. 


Tolylmercuric Compounds. 

o-Tolylmercurie chloride may be prepared by treating o-tolyl 
boric; acid with mercuric chloride,^ or by separating it from the para 
(;onipound formed when toluene is mercurated by mercuric acetate after 
treating the mixture with sodium chloride.^ It crystallises from 
alcohol in white crystals, M.pt. 140° C.^ 

o-Tolylmercuric bromide.^— To a solution of 28 grams of o-tolyl 
magnesium bromide in 100 grams of ether, 58 grams of mercuric bromide 
are added, the mixture shaken for one hour, boiled for two hours, and 
then allowed to stand over-night. It is then worked up in the usual way, 
when 42 grams (78 per cent, yield) of the bromide are obtained. From 
xylene or alcohol it forms hair-fmc needles, M.pt. 168° C., easily soluble 
in pyridine or aniline and reprecipitated by the addition of petroleum 
ether. It is only slightly soluble in cold alcohol, ether, benzene, chloro¬ 
form, or acetone, but readily soluble in hot benzene or its homologues. 
The crystals are not affected by light. 

o-Tolylmercuric iodide. —^When the above bromide is boiled with 
alcoholic potassium iodide in slight excess, a quantitative yield of the 

^ Michaelis, Rcr., 1894, 27 , 244. 

* Dimroth, Ren, 1899, 32 , 768. 

» Coffey, Trans, Ghem. Soc,, 1926, 127 , 1029. 

„ * Hilpert and Griittner, Ren, 1915, 48 , 906. 
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iodide is obtained. It crystallises in prisms from alcohol, melting at 
176*^ to 177-5° C., and has a similar solubility to the bromide. 

o-Tolylmercuric sulphide. —^When hydrogen sulphide is passed 
into a pyridine-ether solution of the above iodide at ~10° C., the pale 
yellow sulphide is precipitated. In the presence of moisture it soon 
decomposes and blackens, mercuric sulphide separating out. 

o-Tolylmercuric nitrate is formed when mercury di-o-tolyl is 
treated with nitrogen trioxide or tetroxide.^ 

m-Tolylmercuric chloride^ is readily obtained from m-tolyl 
boric acid, as in case of the ortho compound; ® from tri-m-tolylstibine 
mercurichloride by boiling with alcohol ; ^ and by lieating an alcoholic 
solution of mercury di-m-tolyl with mercuric chloride. 

It crystallises in white needles, melting at 159° to 160° C., easily 
soluble in chloroform or benzene, with difficulty in alcohol, and it sub¬ 
limes without decomposition. 

The bromide is prepared in the same way as the chloride ; it crystal¬ 
lises from alcohol in white needles, M.pt. 183° to 184° C. 

The iodide forms white pearly plates, M.pt. 161° to 162° C. ; the 
acetate, white shining needles from water, M.pt. 83° to 84° C. ; the 
formate, large needles, M.pt. 106° C.; the propionate, white needles, 
M.pt. 102° C., insoluble in cold water, easily soluble in alcohol. 

p-Tolylmercuric chloride. — This derivative is prepared as 
follows : 

1 . A mixture of 300 c.c. of water and 100 grams of powdered mercuric 
chloride is heated in a 2-litre beaker, and a solution of 80 grams of 
sodium p-toluene sulphinate in 200 c.c. of boiling water carefully added 
to the hot solution. A heavy white precipitate is thrown down and 
sulphur dioxide is evolved. When the frothing ceases, 200 c.c. of water 
are added, and the mixture boiled, with occasional stirring, until the 
evolution of sulphur dioxide slackens. A further 200 c.c. of water are now 
added and boiling continued until no more sulphur dioxide is given off. 
The mixture is filtered, and washed with water until the washings give 
no precipitate with sodium hydroxide, the residue then being dried at 
110 ° C. Yield 65 per cent.® 

2. Heating p-tolyl sulphinic acid with mercuric chloride until evolu¬ 
tion of sulphur dioxide ceases.® 

3. Heating p-tolyl sulphonyl chloride with mercury diphenyl for 
fifteen hours at 120° 

4. By heating mercuric chloride and mercury di-p-tolyl in alcoholic 
solution in a sealed tube at 160° C.® 

5. From p-tolyl boric acid in the usual way.® 

6. By separation of the ortho and para isomers formed in the direct 
mercuration of toluene by mercuric acetate, after treating with sodium 
chloride.^® 

1 Kunz, Ber., 1898, 31 , 1628. 

* Michaelis, 5er., 1895, 28 , 688 . 

^ Khotinsky and Melamed, Ber„ 1909, 42 , 3094. 

* Michaelis and Genzken, AnriaUn, 1887, 242 , 170. 

® Whitmore, Hamilton, and Thurman, J, Amer, Oliem. Soc., 1923, 45 , 1066, 

• Peters, Ber„ 1905, 38 , 2569. 

’ Otto, Ber., 1886, 18 , 246. 

« Otto, J. praH. Ghem., 1870, 1 , [2J, 185. 

• Michaelis and Becker, Ber,, 1882, 15 , 185. 

Bimroth, Ber,, 1899, 32 , 768; c/. Coffey, Trans, Chem, Boc., 1926, 127 , 1029. 
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The chloride crystallises in shining scales, melting at 232° to 233° C. ; 
it is insoluble in water, soluble with difficulty in hot alcohol and easily 
in boiling benzene. Its solution in acetone when treated with sodium 
iodide yields p-tolylmercuric iodide, but no mercury di-p-tolyl is formed.^ 
p-Tolylmercuric bromide.— From 28 grams of p-tolyl magnesium 
bromide and 58 grams of mercuric bromide a yield of 44 grams of p- 
tolylmercuric bronhde is obtained.*'^ The yield is not so good when 
mercuric chloride is used in place of tlie bromide.^ 

The bromide crystallises in line needles from beuzciic, melting at 
234° to 235° C. It is sparingly soluble in the usual organic solvents. 
It reacts with j)hosphenyl eliloridc in two to three liours at 270° C. in 
dry carbon dioxide to form phenyl p-tolylchlorophosphine. 

p-Tolylmercuric iodide. —This derivative may be ])repared from 
tlu^ chloride as shown above, or from the bromide by boiling with 
potassium iodide in alcoholic solution for two Iiours. Its melting-i)oint 
has been given as 213° to 214° C. and 217° C. ; it is sparingly soluble in 
organic solvents.'* 

p-Tolylmercurie carbonate is a crystalline pow^der, decomposing 
abov(^ 200° C. 

p-Tolylmercuric mercaptan is a yellow, insoluble product pre¬ 
pared from the above carbonate and carbon disulphide. 

p-Tolylmercuric nitrate is prepared similarly to the ortho com¬ 
pound from mercury di-p-tolyl and trioxide or tetroxide of nitrogen.® 
p-Tolylmercuric acetate. —The methods of preparation of tliis 
derivative, us also of the })rccedingone, are similar to those for the phcjiyl 
compound. It forms rhombic prisms from alcohol and benzene, M.])t. 
153° C. It is less soluble in the usual solvents than the phenyl 
comj^ound. 

p-Tolylmercuric-2 :4:6-trinitrobenzoate is prepared from the 
hydroxide and the substituted benzoic acid in alcoholic solution. It 
melts at 227° C., but when heated in an oil-bath at 220° to 230° C. until 
all effervescence ceases it forms p-tolylmercuric-2:4:6-trinitro- 
phenyl, a pale yellow product, M.pt. 192° C.® 


Benzylmercuric Compounds. 

Benzylmercuric chloride*^ is obtained as follows :— 

1 . To a solution of 23-8 grams of benzyl magnesium chloride in 
100 grams of ether, 46*7 grams (1*1 mols.) of finely powdered mercuric 
chloride are slowly added with good shaking. Until the reaction is 
finished, the temperature is maintained below 45° C., and the reaction 
mixture then allowed to stand for twenty-four hours. It is then boiled 
briskly for two hours, decomposed by ice and dilute sulphuric acid, 
filtered and washed with water, not exceeding 80° C. The residue is 
then rccrystallised from equal parts of xylene and alcohol. Yield 43 
grams (84 per cent.). 

^ Steinkopf, Annalen, 1917, 413 , 329. 

® Hilpert and Gruttner, Rcr., 1915, 48 , 906, 

® Pope and Gibson, Tram. Ghem. Soc., 1912, loi, 735. 

♦ vSteinkopf, loc. cit.i'; Hilpert and Gruttner, loc. r,ii, 

® Kunz, Ber.y 1898, 31 , 1528. 

® Koten and Adams, J, Amer. Chem. 80 c., 1924, 46 , 2768. 

’ Hilpert and Gruttner, Ber,, 1916, 48 , 913. 
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2. From benzyl boric acid and mercuric chloride.^ 

3. From mercury dibenzyl and an alcoholic solution of mercuric 
chloride. 

The chloride crystallises in white, ^listenin^ ])lates, M.pt. 104° C., and 
decomposes when strongly heated. It reacts with benzyl magnesium 
chloride to form mercury dibenzyl.^ 

The corresponding bromide and iodide may be prepared by Method 3, 
the former giving plates melting at 119° C., and the latter plates, M.pt. 

The cyanide is formed when mereury dib(mzy] and mercuric cyanide 
in absolute alcoholic solution are heated at 130* C. in a sealed tube. It 
crystallises in line, white needles, M.]>t. C. 

The acetate results when mercury dibenzyl in alcoholic* solution is 
treated with mercuric acedate ; and when silver acetate is added to an 
alcoholic solution of b(*nzylmc‘rc‘uric chloride. 

It forms long, glistening, white needles, medting at 120° C. 

Compounds from Higher Benzene Homologues. 

m-Xylylmercuric chloride is obtained, along with m-xylyldichloro- 
phosphine, when mercury di-m-xylyl is heated at 230° C. with phos])horus 
trichloride.^ 

Mesitylmercuric chloride occurs as fine needles, melting about 
200° C. ; the bromide melts at 194° C.; the iodide yields fine, colourless 
needles, nu lting about 178° C.^ 

Pseudocumylmercuric chloride yields small needles, M.j)t. 201 ° C.; 
the bromide is a white micro-crystalline powder, M.pt. 211° C.; \\\q iodide^ 
formed by luating mercury dipseudocumyl with excess oJ’ mercuric 
iodide in a sealed tube at 130° to 140° C. in alcoholic solution, crystallises 
as white glistening needles, M.pt. 196° to 197° C. 

Cumylmercuric chloride (glistening needles, M.pt. 156° C.); 
bromide (M.pt. 163° C.) ; and iodide (M.pt. 169° C.)® are also known. 

Gyclohexyl Compounds.*^ 

Cyclohexylmercuric chloride is formed by the action of 
mercuric chloride on mercury dicyclohexyl in any solvent, and all the 
following salts may be prepared in a similar manner. The chloride 
crystallises in plates of brilliant lustre, M.pt. 163° to 164° C., and may be 
converted to thc! iodide by warming its solutions with potassium iodid(*. 

The bromide crystallises from benzene in white leaflets, M.pt. 153° C!., 
100 grams of benzene dissolving 3*33 grams of bromide at 29° C. It is 
insoluble in water, more soluble in ether or benzene, very soluble in 
amines or pyridine. It is sensitive to lightl® 

^ Khotinsky and Melamed, Rcr., 1909, 42, 3095. 

* Jones and Werner, J. Amer. Chem, Hoc., 1918, 40, 1257. 

a Wolff, Rcr., 1913, 46, 64. 

^ Weller, Ber., 1887, 20, 1718. 

6 Michaelis, Bar., 1895, 28, 588. 

® Michaelis, ibid. ; Schiff, Ber., 1877, lo, 1745. 

’ Griittner, Ber.y 1914, 47, 1651; Tiffenean and Gannag6, Bull. Sci. Pharmacol.^ 1921, 
28, 7. 

® Tiffenean and Gannag6 give chloride, M.pt. 159® C. ; bromide, M.pt. 14U C.; 
iodide, M.pt. 142® C. 
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The iodide may be obtained from the chloride or bromide by the 
action of potassium iodide, or by treating cyclohexyl iodide with sodium 
amalgam.^ It lias a similar solubility to the bromide, is sensitive to 
light, and crystallises in i)lates, M.pt. 143° C. 

Treatment of the above halides with silver oxide yields the hydroxide, 
a strong base, which decomposes when heated. 

The sulphide is a pure white powd(‘r, dc})osited when a rapid stream 
of hydrogen sulphide is passed into a pyridine solution of the bromide 
at —'10° C. If left in a moist state it soon decomposes. 

The cyanide crystallises from alcohol in sparkling leaflets, melting at 
144° C., and is sensitive to light. 

4-Methylcyclohexylmercuric chloride forms si)angles, sub¬ 
liming at 163° (\; the bromide has M.pt. 142° C., iodide, M.pt. 176° C., 
cyanide, M.])t. 100° C., and hydroxide, M.pt. 110° to 115° C.‘^ are also 
known. 


Naphthyl Compounds. 

a-Naphthylmercuric chloride is prepared by boiling an acetone 
or alcoholic solution of mercury di-a-naphthyl with mercuric chloride, 
filtering, and precipitating the chloride with water.® It crystallises in 
quadratic plates, M.pt. 188° to 189° C., and its acetone solution with 
sodium iodide yields the corresponding iodide. It is moderately soluble 
in alcohol or benzene, but insoluble in water.^ 

a-Naphthylmercuric bromide may be prepared from mercury di- 
a-naj)hthyl either by the action of bromine, or by heating it with mer¬ 
curic bromide in alcoholic solution for one hour at 120° to 130° C.^ 
Naphthyl magnesium bromide and mercuric bromide give the same 
product.® The compound crystallises in glistening needles or plates, 
M.pt. 202° C., insoluble in water, easily soluble in alcohol, chloroform, 
benzene, or carbon bisulphide. 

a-Naphthylmercuric iodide crystallises in rhombic columns, 
M.pt. 185-5° to 186° C,, and is obtained from the chloride as described 
above, or from mercury di-a-naphthyl by the action of iodine in carbon 
bisulphide solution. It is insoluble in water, slightly soluble in cold 
alcohol or ether, easily soluble in hot alcohol, chloroform, benzene, or 
carbon bisulphide. When strongly heated it decomposes with separa¬ 
tion of carbon, and heated with soda lime yields mercuric oxide, iodine, 
and naphthalene. Its alcoholic solution treated with sodium amalgam 
gives mercury, hydrogen iodide, and mercury di-a-naphthyl.^ 
a-Naphthylmercuric acetate is prepared as follows :— 

1. Mercury di-a-naphthyl is treated with an excess of glacial acetic 
acid and the mixture heated until complete solution is obtained, then 
the whole poured into water. The precipitate, which contains the 
acetate and naphthalene, is filtered off and washed with water, then 
crystallised from hot alcohol, in which the naphthalene is less soluble 
than the acetate. 

^ Kursanov, Chem, Zentr,, 1899, ii. 477. 

* Tiffeneau and Gannag 6 , BuU, Sci. Pharmacol,, 1921, 28 , 7. 

® Steinkopf, AnnaUn, 1917, 413 , .330; $eo Matsumiya, Mem. Coll, Sci. Kyotd, 1925, 
8 , 391. 

* Otto, J. prakt. Chem., 1870, [ 2 ], i, 185. 

* Otto, Annalen, 1870, 154 , 188. 

® Hil|>ert and Gruttner, Ber, 1913, 46 , 1686. 

’ Otto, he, cit, ; Otto and Mories, Annalen, 1868, 147 , 164. 
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2.^ Thirty grams of pure dry mercuric acetate are introduced into 
<00 grams of molten naphthalene, the mixture well stirred and heated to 
120° C., this temperature being maintained until a clear solution results 
(about twenty minutes). The excess of naphthalene is then removed 
by steam and the dry residue extracted with ligroin, from which the 
product crystallises on cooling. If the reaction product before steam 
distillation is treated with sodium chloride, the chloride is obtained 
instead of the acetate. 

The acetate ciystallises from alcohol in colourless needles, M.pt. 
154° C., which are insoluble in water, slightly soluble in ether, and easily 
soluble in hot glacial acetic acid, alcohol, benzene, chloroform, or carbon 
bisulphide. 

It reacts with hydrochloric or hydriodic acids, giving acetic acid, 
naphthalene, and a mercuric halide ; four atoms of iodine react giving 
acetic acid, mercuric iodide, and iodonaphthalenc ; sodium amalgam on 
the alcoholic solution yields mercury, acetic acid, and liaphthalene ; 
alcoholic hydrogen suljdude or ammonium sulphide at 100° C. break 
tlie compound down into acetic acid, mercuric sulphide, and naphtha¬ 
lene. 

Thi' formate is an oil, and the butyrate forms fine, glistening, rhombic 
prisms, melting about 200° C., almost insoluble in cold water, moderately 
soluble in hot water, alcohol, or butyric acid. 

The nitrate is prej)ared by the interaction of silver nitrate and a- 
naphthylmercuric chloride in alcoholic solution,^ or from mercury di- 
a-naphthyl and nitrogen trioxide. It crystallises in small white needles. 

The thiocyanate occurs as white plates, soluble in hot alcohol or 
benzene ; the sulphide has only been obtained as a white precipitate. 

Thienyl Compounds. 

2-Ghloromercuri thiophene. 


s 

In order to prepare this derivative, 10 parts of thiophene in 100 parts of 
spirit are mixed with 1000 parts of a cold saturated solution of mercuric 
chloride and 200 parts of a 33j per cent, solution of crystallised sodium 
acetate. In four or five days the precipitate is filtered off and the 
filtrate deposits further crystals. The residue is washed with cold 
water, boiled with spirit, and filtered through a hot-water funnel, the 
(chloride crystallising out on cooling.^ 

The above method of preparation yields a mono- and a di-mercurated 
thiophene; the latter is very insoluble in the usual solvents, so that the 
mono-compound is removed by means of hot alcohol.^ 2-Chloromercuri 

^ Dimroth, Ber., 1902, 35 , 2032. 

* Otto, J, prakt. Chem., 1870, [ 2 ], i, 185, 

3 Volhard, Annalen, 1891, 267 , 176; Steinkopf and Bauermeister, Anmlen, 

403 , 59 ; Finzi, Oazjsetia, 1915, 45 , ii, 280; Steinkopf, Annalen, 1921, 424 , 23. 

* Prom 85 grams of thiophene Steinkopf obtained in six days 217 grams of moiio- 
oompound and 18 grams of di-compound, but the author finds that a considerable increase 
in yield may be obtained if the liquors allowed to stand for six months after the finst 
batch of crystals has b^n removed. It may also be prepared by treating mercury 2:2'- 
thienyl in acetone solution with mercuric chloride. Yield 89*4 per cent. 

VOL. xi.: I. 7 
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thiophene crystallises in white, silvery plates, M.pt. 183° C., somewhat 
volatile, commcncin^if to sublime above 100° C,, subliming rapidly at 
210° C.; in large quantities this process is accompanied by decomposition. 
With sodium iodide in acetone solution it yields mercury 2:2'-dithienyl 
and the corresj)onding iodide. With mercuric bromide or iodide the 
corresponding 2-halidemcrcuri thiophenes arc obtained.^ 

When boiled with arsenic trichloride in toluene for six to seven hours 
dithienylchloroarsine and thienyldichloroarsine ^ are obtained. 

Thienones are formed by heating the chloride with the chlorides 
of the following acids: acetic, benzoic, o-toluic, p-toluic, p-nitrobenzoic. 
The chloromerciiri thiophene appears to be a catalyst in these reactions. 

2-Bromomercuri thiophene, obtained from the chloride by action 
of mercuric bromide, crystallises from toluene in glistening plates, M.pt. 
109° to 170° G., somewhat easily soluble in acetone, with diirieulty in 
cold alcohol, chloroform, benzene, or carbon bisulphide. 

2-Iodomercuri thiophene may be prepared in a similar maimer to 
the bromide, or by treating an acetone solution of mercury 2 : 2'-dithienyl 
with one molecule of sodium iodide. It crystallises in shining, silvery 
plates, melting at 117° C., insoluble in water, not easily in hot alcoliol or 
cold benzene, readily in hot benzene or cold acetoiu'. Since the iodide 
is affected by sunlight, turning red, all the operations in connection with 
its extraction should be carried out in absence of sunlight. It reacts 
with thallic chloride to give thallous chloride and 2-ehloromercuri 
thiophene.^ 

2-Thiocyanatomercuri thiophene is obtained from an acetone 
solution of 2-chloromercuri thiophene by treatment with 1 mol. of 
sodium thiocyanate. Tlie mercury-2 : 2'-dithicnyl is liltered off and the 
thiocyanate jirecipitated from the filtrate by water. It crystallises 
from toluene in glistening plates, melting at 179° to 180° C. It is easily 
soluble in acetone, sparingly in cold al(‘ohol, ethyl acetate, benzene, or 
toluene, insoluble in water. 

2 : 5 Dichloromercuri thiophene is obtained as a by-product in 
the preparation of the monomercurichloride, or by treating tlic corre¬ 
sponding acetate solution wdth sodium chloride. It is a white j)owder, 
insoluble in all indifferent solvents, not easily attacked by acids, even 
concentrated nitric acid, and is unaffected by aqueous alkalies. When 
boiled under reflux with aqueous bromine for one hour it yields a mixture 
of di-, tri-, and tetrabromothiophenes, but w^armed wnth aqueous iodine 
only di-iodothiophene is obtained. 

5-Chloromercuri-2-chlorothiophene, 


ClI^yHgCl 

8 

is prepared in the usual way from 2-chlorothiophene and mercuric 
chloride in sodium acetate solution. It forms glistening silver plates, 
M.pt. 218° to 219° C., and has the usual solubility. Traces of a di-mer^ 
curated compound are also obtained, melting at 278° to 280° C. with 
decomposition. 

^ Steinkopf, AnnaUn, 1917, 413 , 310. 

* Steinkopf, ibid .; Finzi, Gazzetta, 1916, 45 , ii. 280. 

^ • Goddard, Trans. Chem. Soc., 1923, 123 , 1169. 
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The corresponding bromide forms fine wliitc crystals, M.pt. lOl"^ C., 
from toluene solution, and is obtained by treating an acetone solution of 
mercury 5 : 5'-dichloro-2 : 2'-dithicnyl with mercuric bromide. 

The iodide is formed from the chloride by treatment with sodium 
iodide in acetone solution. It crystallises in white, glistening ])lates 
which melt at 126° to 126-5° C. with partial decomposition. It is easily 
soluble in ethyl acetate or acetone, somewhat soluble in alcohol, benzene, 
chloroform, or carbon bisulphide in the cold, insoluble in water. It 
tends to split off mercuric iodide when in solution. 

5-Chloromercuri-2-bromothiophene yields fine crystals, melting 
at 225° C. It is not very soluble in cold solvents, with the exception of 
acetone. The bromide forms white, matted needles, M.pt. 197° to 
197-5° C., whilst the iodide crystallises in small white crystals from 
alcohol, M.pt. 119° C., easily soluble in carbon bisulphide, acetone, or 
ethyl acetate, warm benzene, xylene, alcohol, or chloroform. It is 
sensitive to light, becoming pale red. 

5-Chloromercuri-2-iodothiophene yields slender, matted crystals, 
sintering about 215° C. and melting at 225‘^ i\ It is fairly soluble in 
warm benzene or acetone. When heated with acetyl chloride at S()° 
to 90° C. it gives 2-iodo-5-acetothienonc, and when rclluxed with iodine 
and water for a few minutes until the iodine disap}>ears, 2 : 5-di-iodothio- 
phene is obtained. The bromide^ on crystallising from xylene, forms 
matted crystals darkening at 170° C., is somewhat soluble in acetone, 
dillicultly soluble in carbon bisulphide, and f)ractically insoluble in 
alcohol or benzene. The iodide is partially decomposed when recrystal¬ 
lised from xylol, and is a faint yellow, micro-crystalline body, M.pt. 111° 
to 142° C. It is moderately soluble in acetone, readily soluble in warm 
chloroform, benzene, or xylene. 

5 -Chloromercuri -2 -carboxyl -thiophene, 


HOOc'x^'HgOl 

S 

is prepared in the usual manner from thiophene-2-carboxylic acid. It 
occurs in two forms: (a) soluble in sodium hydroxide and reprecipitated 
by dilute hydrochloric acid as a white, amorphous body, and (b) in¬ 
soluble in sodium hydroxide, but soluble in ammonium hydroxide, and 
re precipitated by dilute hydrochloric acid. Both compounds melt at 
297° to 298° C., with violent gas evolution. 

5-Chloromercuri-2-methyl thiophene. —Cold saturated mercuric 
chloride (220 grams), 44 grams of 38 per cent, sodium acetate and 2-6 
grams of 2-methyl thiophene in 150 c.c. of alcohol give 8-6 grams of 
product in thirteen hours.^ It crystallises from alcohol in glistening 
needles, M.pt. 204° C.® It is insoluble in water or ether, and witli 
benzoyl chloride yields phenylthiotolyl ketone. 

5-Chloromercuri-2-phenyl thiophene occurs as white, glistening 
plates, melting at 234° C. and slightly soluble both in alcohol and in 
benzene. 

?-Chloromercuri-3-methyl thiophene is prepared from jS-thio- 
toluene in the usual way. A mor\o- and a di-wercurated compound result, 

' Steinkopf and Bauermeistor, AnmiUn, 1914, 403 , 69. 

2 Volhard gave 197° C. 
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the former crystallising from alcohol in white, bushy needles, the di-com¬ 
pound being insoluble in the usual organic solvents, and only attacked 
with difficulty by concentrated nitric acid. 

?-Chloromercuri-3-isopropyl thiophene crystallises from hot 
alcohol in shining, long, white needles, M.pt. 137° C., soluble in ether, 
insoluble in water. A dichloro compound is formed at the same time 
as a white granular mass, insoluble in all solvents and very stable towards 
concentrated nitric acid. 

5-Thiocyanatomercuri-2-chlorothiophene. —The corresponding 
5 -chloromercuri compound (3*5 grams) in 120 c.c. of acetone is treated 
with 0*8 gram (1 mol.) of sodium thiocyanate in 15 c.c. of acetone. 
Yield 2'9 grams. It crystallises from benzene or alcohol in glistening 
silver plates, melting at 187° C. after previously sintering. It is 
readily soluble in cold acetone, moderately soluble in cold alcohol or 
ethyl acetate, but readily soluble on warming, sparingly in hot benzene 
or ether. The thiocyanate may also be obtained from mercury 5 : 5'- 
diehloro -2 : 2 '-dithicnyl by the action of mercury thiocyanate in acetone 
solution. On the other liand, if 2 mols. of sodium thiocyanate arc used in 
the first preparation, mercury 5 : 5'-dichloro-2 : 2'-dithienyl is isolated.^ 

5 -Thiocyanatomercuri -2 -bromothiophene crystallises from ethyl 
acetate in small, warty aggregates, M.pt. 187° to 188° C., easily soluble 
in pyridine, sparingly in cold ethyl acetate or alcohol. If two molecules 
of sodium thiocyanate be used, mercury 5 : 5'-dibromo-2 : 2 '-dithienyl, 
M.])t. 182° to 183° C., is formed. 

5 -Thiocyanatomercuri-2 -iodothiophene. —It was found im¬ 
possible to isolate this compound in the pure state using the 5-iodo- 
mercuri derivative, so that the preparation was conducted as follows - 
Three grams of mercury 5 : 5'-di-iodo-2 : 2 '-dithienyl and 1-54 grams of 
mercury thiocyanate in 250 c.c. of acetone were heated to boiling. Tlic 
liquid on filtering deposited 1*1 grams of substance, and a further 2*8 
grams were thrown out by the addition of water. The product yielded 
crystals from nitromethane solution, M.pt. 173° C., easily soluble in 
warm acetone or cold pyridine, sparingly in cold nitromethane or bromo- 
benzene, readily on heating. In alcohol, benzene, or X 3 dene it is only 
sparingly soluble. 

5-Chloromercuri-2-n-propylthiophene. —A mixture of 193grams 
of mercuric chloride, 38 grams of sodium acetate, 450 c.c. of alcohol, and 
3 grams of n-propylthiophene after six days deposits 6*2 grams of crystals. 
Yield 72 per cent. The crystals from benzene melt at 155° C., are easily 
soluble in pyridine, warm alcohols, benzene, or toluene, sparingly’’ in 
warm ether. 

5-Thiocyanatomercuri-2-n-propylthiophene is readily obtained 
from the above compound in the usual manner. It crystallises from 
toluene in silvery plates, M.pt. 169° to 169*5° C., easily soluble in cold 
acetone, fairly soluble in benzene or toluene, sparingly in alcohol. 

5-Ghloromercuri-2-isoamylthiophene is obtained in 75 percent, 
yield after the reaction mixture has stood for four days. It crystallises 
from benzene in fine needles, M.pt, 171*5° to 172° C., readily soluble in 
cold acetone or warm ether, sparingly in other cold solvents. If treated 
with sodium iodide it yields mercury 5 : 5'-di-isoamyl-2 : 2'-dithienyl. 

5 - Thiocyanatomercuri - 2 - isoamylthiophene forms glistening 
crystals, M.pt. 199° to 200 ° C. 

» ^ Steinkopf, Annalen, 1921, 424 , 3 C. 
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5-Ghloromercuri-2-benzylthiophene is obtained in 80 per cent, 
yield in four days. It yields small, snow-white crystals from toluene, 
M.pt. 189° to 191° C., having the usual solubilities. It does not yield a 
thiocyanato compound, but mercury 5 : 5'-dibenzyl-2 : 2'-dithienyl is 
formed instead. 

5-Thiocyanatomercuri-2-methylthiophene is deposited as pure 
white, microscopic crystals from ethyl acetate. It decomposes at 202° 
to 204° €., and when crystallised from xylene it is partially decomposed. 
It is readily soluble in pyridine or acetone, and the following solvents 
when heated: alcohols, ethyl acetate, or xylene. When 2 mols. of 
sodium thiocyanate arc used in the preparation a body melting at 203° 
to 204° C. is isolated. 

5-Bromomercuri-2-methylthiophene. —To prepare this sub¬ 
stance mercury 5 ; 5'-dimethyl-2 : 2'-dithienyl (1*97 grams) and 1-8 grams 
of mercuric bromide in 100 e.c. of acetone are rapidly brought to the boil, 
theti cooled in ice. The bromide is preci])itated by the addition of water. 
Yield 3*5 grams. It crystallises from ethyl acetate in shining, white 
needles, melting at 179° to 180° C., and having the usual solubilities. 

5-Iodomercuri-2-methylthiophene, prepared in a similar manner 
to the bromide, crystallises from alcohol in silvery needles melting at 
111 ° to 112° C. It is readily soluble in cold ethyl acetate or benzene, 
less so in acetone unless heated. 

5-Ghloromercuri-2-ethylthiophene may be crystallised from 
alcohol; M.pt. 147° to 148° C. Yield 81 per cent. 

5-Thiocyanatomercuri-2-ethylthiopheneyields small plates from 
benzene; M.pt. 107-5°to 169°C. 

5-Iodomercuri-2-ethylthiophene, prepared from the chloride 
using rather more than 2 mols. of sodium iodide in acetone solution, 
crystallises from much alcohol in silvery needles melting at 90° to 97° C., 
affected by light. 

(2 or 5)?-Thiocyanatomercuri-3-methylthiopheneyieldssmail 

crystals from benzene, melting at 169° C., sparingly soluble in acetone 
in the cold, easily when heated, but only sparingly in warm benzene or 
toluene, 

5-Hydroxymercuri-2-acetoxymercuri thiophene occurs as hair- 
fine needles, M.pt. 270° C'. It is obtained from commercial benzene by 
boiling it with mercuric acetate. One kilogram of benzene, 40 grams of 
mercuric acetate, 300 c.c. of water, and 40 grams of acetic acid after 
boiling under reflux for thirty minutes give 32 grams of compound.^ 
It is only soluble in acetic acid, from which it crystallises as the diacetafe; 
dry distillation with concentrated hydrochloric acid yields thiophene and 
mercuric chloride. 

3-Ghloromercuri-2-hydroxy-2 ;3-dihydro-2:5-dimethylthio- 
phene mercuric chloride,^* 

HC-^^CH.HgCl 

! I . HgCh 

CH,C. >.CH,OH 

» S 

This compound is derived from 2:5-dimethylthiophene in the usual 

^ Dimroth, Ber,, 1899, 32 , 758; Schwalbe, ibid,, 1906, 38 .2208. 

> Steinkopf, Annakn, 1921, 424 , 23. 
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manner. It forms Miiite crystals, M.jit. 180° to 187° C., insoluble in 
water, dillicultly soluble in ether, cold alcohol, chloroform, or benzene, 
easily soluble in acetone or warm solvents. 

3-Chloromercuri-2 : 5-diiiiethylthiophene is contained in the 
mother-liquors from the above compound, and may be j)recij)itated by 
the addition of water. It crystallises from alcohol in silky needles, 
M.j)t. 156° to 157° (•., insoluble in water, easily soluble in acetone or 
warm alcoliol. It is also formed when the ])recedin^^ mercuric^ salt is 
boiled for a lon^ time with a little alcohol. The thiocyanate crystallises 
from benzene in snow-white crystals, M.pt. ]77° to 177-5° C, 

The eorrespondin^F iodomcrcuri eompound is obtained by treating the 
above chloride in acetone solution with sodium iodide. It crystallises 
from benzene in white, glisteinng needles, M.pt. 175° C. 

2-Chloromercuri-3 :4-dimethyl thiophene oceurs as white 
n(‘edles, M.j)t. 137° to 138° C., easily soluble in warm benz(*ne, chloroform, 
or cold acetone, slightly soluble in water. The crude ])rodiict obtained 
in this ])reparation gives a residue insoluble in boiling alcohol and 
in the usual organic solvents. It is 2 : 5 - dichloromercuri-3 : 4- 
dimethyl thiophene, which does not inelt at 270° C. 

Th<‘ corresponding ^-iodomercuri compound is pre]>ared from acetone 
solutions of the chloride and sodium iodide. It gives yellowish plates 
irom benzol, M.pt. 142° U., easily soluble in acetone, carbon bisulphide, 
chlorororm, or warm benzene and toluene, s])aringly in alcohol. The 
thiocijanaio compound, recrvstallised from alcohol, melts at 178° to 
17U*C. 

5-Chloromercuri-2 : 3-dimethylthiophene, 

Alo, 

AlJ^ljlgUl 

S 

may be prepared from MO grams of mereurie chloride solution, 30 grams 
of sodium aeidatc solution, MO grams of alcohol, and 2 grams of 2:3- 
dimethylthiophene. A yield of 6 grams (97 per cent.) is obtained in five 
days. It crystallises from benzene in matted crystals, M.])t. 213° to 
214° C., easily soluble in cold pyridine or quinoline and s])aringly in 
acetone unless heated. No dichloromereuri compound is obtained. The 
thiovyanato deriv^ativc forms matted crystals from much ethyl acetate, 
decom])osing on heating at about 240° C. 

• 6-Ghloromercuri-4-hydroxy-4 : 5-dihydro-2 : 4-dimethylthi- 
ophene mercuric chloride, 

I-^Me.OH 

I .HgCh 

Me's^HgCl 

S 

A saturated solution of mercuric chloride (264 grams), 54 grams of 33 
per cent, sodium acetate, 240 grams of alcohol, and 3-6 grams of 2:4- 
dimethylthiophcne are allowed to stand for fifteen Imurs, when 12*7 grams 
of precipitate are collected. Yield 62 per cent. It forms fine crystals 
from benzene, M.pt. 167° to 168° C., and has the usual solubilities. 

5-Chloromercuri-2 :4-dimethylthiophene. —When 41 grams of 
the above compound are boiled for thirty minutes with 500 c.c. of alcohol, 
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19 grams of product are obtained, the filtrate yielding unchanged 
mercuric chloride addition product. After two crystallisations the body 
melts at 138*^ to 139° G. It is readily soluble in cold acetone, moderately 
soluble in carbon disul})hide, sparingly in cold benzene, ethyl acetate, or 
alcohol, but easily soluble on heating. With sodium thiocyanate (2 
mols.) in acetone solution, it yields mercury 2:4:2': i'-tetramethyl- 
5 : 5'-dithienyl. The corresponding thiocyanafo compound is crystallised 
from alcohol, sinters at 170° C., and melts at 173° to 175° C. It is only 
sparingly soluble in the usual solvents in the cold and not very readily 
on heating. 

3-Chloromercuri-2 : 5-diphenylthiophene, 

I-^^HgCl 

s 

In order to prepare this substance 2 : 5-diphcnyltliiophene (14 grams) in 
000 c.c. of alcoliol is treated with 50 grams of saturated mercuric chloride 
solution and 10 grams of 33 per cent, sodium acetate solution, and after 
twelve days a 0-3 gram or 11 per cent, yield is formed. The reaction 
can be made quantitative by altering the above (quantities to 4 grams of 
the thio])hene in 400 c.(\ of alcohol, 100 grams of sublimate solution and 
28 grams of acretatc solution, and boiling the mixture for two and a half 
hours. The whole is filtered, washed with a little cold alcohol, and re¬ 
crystallised from xylene. It forms matted crystals, melting at 221° to 
222 ° C., readily soluble in acetone or in hot xylene or toluene, sparingly 
in cold benzene, chloroform, or alcohol. It is transformed by sodium 
thiocyanate (2 mols.) in acetone, to mercury 2:5: 2' : S'-tetraq^henyl- 
3 : 3'-dithienyl. 'Phe latter substance with mercury thiocyanate in 
acetone is coiiAerted into the l^-thiocyanaiomercuri derivative, which 
sinters at 180° to 200° ('., but remains black and unmeltcd at 205° ('. 

Dihydronaphthalene Compounds. 

2-Acetoxymercuri-3-hydroxy-tetrahydronaphthalene,^ 

CHa 

|-^|/^|CH.Hg0Ac 

CHa 

A mixture of na])hthalene and dihydronaphthalene is dissolved in ether 
and shaken with an aqueous solution of mercuric acetate. After twenty- 
four hours long needles of the acetate separate. It may be recrj^stal- 
liscd from benzene or ligroin, the product melting at 122° C. It is 
soluble in potassium hydroxide, and if potassium bromide be added and 
carbon dioxide passed in, the bromide is precipitated. It crystallises 
from benzene in glistening crystals, M.pt. 159° C. The corresponding 
iodide is prepared from the acetate by treatment with potassium iodide, 
and when crystallised from benzene melts at 156° C., turning red. All 
the above salts are decomposed by 30 per cent, hydrochloric acid, 
naphthalene-free dihydronaphthalene being regenerated. 

^ Sand and Gannsler, Ber., 1903, 36 , 3699. 
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Mercury Derivatives of Aromatic Compounds containing Halogen^ 
Nitro, or Sulphonic Acid Groups, 

In the case of halogen-substituted h 5 ^drocarbons it has been found 
that the sulphinic acid method of introducing the mercury gives the best 
results,^ and it is preferable to methods of direct mercuration using 
mercuric acetate at high temperatures. 

p-Chlorophenylmercuric acetate. —p-Chlorobenzene sulphinic 
acid, prepared from p-chloroaniline by Gatterman’s method, is dissolved in 
glacial acetic acid, and a solution of three molecular equivalents of mercuric 
acetate in the same solvent added, and the whole boiled for fifteen 
minutes. The sulphinic acid is completely converted to the mercury 
compound, and is obtained by filtering the reaction mixture, and pre¬ 
cipitating with water. Yield 70 per cent. The acetate is a white, 
crystalline solid, M.pt. 193° C., which yields pure p-chloronitrobenzene 
when treated with concentrated nitric acid at 65° C. for ten minutes. 
A suspension of the acetate in 10 per cent, aqueous potassium bromide, 
when treated with a slight excess of 10 per cent, bromine in 10 per cent, 
potassium bromide and shaken for one hour, yields p-chlorobromo- 
benzene. 

p-Ghlorophenylmercuric chloride is obtained by treating an 
alcoholic solution of the acetate with 10 per cent, sodium chloride. 
It is a white solid, M.pt. 225° C., and may be crystallised from alcohol. 

p-Bromophenylmercuric acetate, a white crystalline solid, M.pt. 
196° C., is prepared as the chloro compound. It may be converted by 
nitric acid to p-bromonitrobenzene, and by sodium chloride to the 
corresponding chloride^ M.pt. 250° C. 

p-Iodophenylmercuric acetate, which melts at 191° C., is also 
known. The mercury may be replaced by bromine in potassium 
bromide solution, giving a bromo-iodobenzene. 

o-Ghlorophenylmercurie acetate is a white, crystalline solid, 
M.pt. 115° C. ; the corresponding chloride melts at 145° C. 

o-Bromophenylmercuric acetate may be prepared in the usual 
way. It melts at 124° C.; the chloride melts at 155° C, and sublimes at 
100 ° C. It yields o-dibromobenzene when treated with bromine in 
acetic acid solution. 

m-Ghlorophenyl mercuric acetate is a white solid, melting at 
138° C. It is soluble in alcohol, glacial acetic acid, benzene, or acetone, 
and slightly soluble in ether. The chloride is best recrystallised from 
alcohol and melts at 210° C. 

m-Bromophenylmercuric acetate is a white, crystalline solid, 
melting at 160° C. The chloride melts at 190° C. and yields m-dibromo- 
benzene by the usual treatment. 


Derivatives of Nitrobenzene. 

o-Nitrophenylmercuric chloride, NO 2 .CeH 4 .HgCl,* is prepared 
as follows :— 

1 . Mercuric acetate, together with five times its weight of nitro- 
^ Hanke, J, Amer. Chem, Soc., 1923, 45 , 1321. 

* Bimroth, Ber., 1902, 35 , 2032; Annahn, 1925, 446 , 148; Kharasch and Clialkley, 
.4 A^mr, Chem. Boc, 1921, 43 , 607. 
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benzene, is heated in an oil-bath to 150° C. until a test portion treated with 
dilute sodium hydroxide does not give a precipitate of mercuric oxide. 
When the mass is cooled a small quantity (0-6 per cent.) of mercuric 
acetate crystallises out, and the mixture is filtered, the filtrate being 
decomposed by sodium chloride, and steam distilled. After cooling, a 
solid is obtained which is dried and extracted with ligroin, from which 
solvent pale yellow needles are deposited, several recrystallisations from 
acetic acid giving small, yellowish plates, M.j)t. 181° to 182° C. (Dimroth). ^ 

2 . 1"he starting material in this preparation is o-nitrobenzene sul- 
])hinic acid, which may be prepared from o-nitroaniline by the diazo¬ 
reaction. Two grams of this acid in 20 c.c. of alcohol are added to 
(5 grams of mercuric chloride in a mixture of 20 c.c. of alcohol and 20 c.c. 
of water, and the resulting solution boiled for forty-five minutes. The 
precipitate is extracted with acetone, the solvent evaporated, and the 
residue crystallised from 95 per cent, alcohol, when faint yellow crystals, 
M.pt. 185° C. (corr.), are obtained. Yield 8 grams (78 per cent,). 

The chloride is very soluble in acetone, soluble in hot alcohol or 
ether, only slightly soluble in water. When treated with bromine in 
])otassium bromide for two hours on a shaking machine, and then 
extracted with ether, o-bromonitrobenzene, M.pt. 41° to 42° C., is 
obtained, which shows the mercury to be in the ortho j)osition to the 
nitro group. No mercuric sulphide is obtained when the chloride is 
acted upon by ammonium sulj)hide, but when boiled with hydro¬ 
chloric acid nitrobenzene results. During the direct inercuration of 
nitrobenzene, mercury o-o*•dinitrodiphenyl, M.])t. 206° C., is also formed.*^ 

m-Nitrophenylmercuric chloride. —Eight grams of the sodium 
salt of m-nitrobenzene sulphinic acid in 40 c.c. of water arc added to 
21 grams of mercuric chloride in 100 c.c. of alcohol, and slightly more 
glacial acetic acid added than is required to liberate the sulphinic acid, 
after which the mixture is boiled for twenty hours. Extraction of the 
residue with acetone and recrystallisation from alcohol gives white 
crystals, melting at 236° to 237° C. Yield 5*7 grams (42 per cent.). 
The compound is less soluble in acetone or alcohol than the ortho 
derivative. 

p-Nitrophenylmercuric chloride is prepared in a similar manner 
to the ortho conn)ound, but the yields are very poor, even after fifteen 
hours’ boiling. It crystallises from alcohol in colourless crystals, M.pt. 
265° to 266° C. (corr.) with decomposition. 

2:4:6 -Trinitrophenylmercuric chloride, CeH2(N02)3.HgCl, 
melting at 202° C., is obtained by heating 2 : 4 : 6 : 2' : 4': 6'-hexanitro- 
diphenyl with alcoholic mercuric chloride. When treated in aqueous 
suspension with iodine in potassium iodide solution it yields 2:4:6- 
trinitro-iodobenzene.* 

Derivatives of Nitrotoluenes. 

Ortho and p-nitrotoluenes are readily converted to mercury deri¬ 
vatives when boiled with mercuric oxide in the presence of sodium 
hydroxide, the metal in the compounds entering the side chain under 
these conditions. The derivatives of p-nitrotoluene and 2: 4-dinitro- 

1 8 ec Oimroth, Annakn, 1926, 446 , 148; Jfirgens, Rec, irav, chim.y 1926, 45 , 61. 

® Wibaut e^nd Jiirgens, Verslag, Akad. Wetensch, Amsterdam, 1922, 29 , 1074. 

‘ Kharasoh, J, Amer, Chem, Sac,, 1921, 43 , 2238. 
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toluene, however, are very difhcult to obtain in the pure state, but 
o-nitrotoliienc yields two w^clJ-defined compounds.^ 

o-Nitrobenzylmercuric chloride, N02.C6H4.CH2-HgCl, yields 
colourless needles, M.])t. 115° to 146° C., easily soluble in acetone or 
benzene, with dilhculty in alcoliol or ether; from its solutions in caustic 
alkali it is precipitated by acid.^ 

o-Nitrodimercuribenzylidene oxide or anhydride of o-nitro- 
benzal dimercuric hydroxide, 

N02.CeH4.CH<; >0 


The niereurie oxide obtained from 207 .i^rains of mercuric chloride by 
treatment with cold sodium hydroxide is well washed and added to a 
solution of 44 jj^rams of sodium hydroxide in 2500 c.c. of water and the 
whole heated to boilin^^ under a reflux eoiidc nser, bumihn^ being pre¬ 
vented by passing in a current of air. o-Nitrotolu(‘nc, 75 grams, is then 
added in small [)ortions, the op(*ration taking nine hours, and the whole 
is tJien boiled for 1 -5 hours. From this mixture 201 grams of crude, dry 
oxide are obtained, yield 06 4 per cent. When hydrochloric acid is 
add(‘d to tlu‘ mother-liquors 5*2 grams of crude o-nitrobcnzylmercuric 
chloride are j)reci])itatcd. The cnid(^ oxide is dissolved in acetic acid, 
and precipitated by adding excess of sodium hydroxide, when dark 
yellow, crystalliiK' masses are isolated, M.})t. 220° C. 

The oxide is jmrtially decojnposed by hydrogen sulphide into mer¬ 
curic sulphide and o-nitrotoluene, and by zinc dust and suljflmric acid 
it is reduced to o-nitrotoluenc and mercury. When heated with nitrous 
acid it gives o-nitrobenzaldehyde, which is also formed together with a 
small proportion of o-dinitrotolane, N 02 .C^H 4 .CnEC.C 6 H 4 .N 02 , by boil¬ 
ing with nitric acid. The oxide, when treated in the cold with nitrous 
and hydrochloric acids, yields a})proxiniately molecular proportions ol 
o-nitrobcnzaldehyde and its oxime, the dinitritc* formed by the nitrous 
acid being converted into the oxime by the hydrochloric acid, via a 
liypothetical nitroso derivative : 


N02.C6H4.CH(HgN02)2+2HCl -HNOg 1 H20+N02.CeH4.C(N0)(HgCl)2 
N02.C6ll4.C(NO)(Hga)o+2HCl-N0.2.C6ll4.CH-:NOII+2HgCl2 
2NO2.CeH4.CH - NOH +4HNO2 2NO2.CeH4.CHO t 4 NO +N 2O +3H2O 


The oxide is in general very stable towards acids and alkalies, but 
when boiled with 20 per cent, hydrochloric acid it is transformed into 
anthranil. Treatment with chlorine in presence of an excess of hydro¬ 
chloric acid gives o-nitrobenzylmercuric chloride, and bromine and iodine 
yield the corresponding halides. 

The following salts have been prepared ;— 

Sulphate, N 02 .CeH 4 .CH=lIg 2 = 804 .--Forms pale yellow, broad 
needles or plates, giving with sodium hydroxide the free base, and on 
boiling with water an orange-yellow, basic sulphate, (N 02 .CeH 4 .CH(IIg 
0 H)Hg) 2 S 04 . 

Chloride, a pale yellow, amorphous compound, formed by adding dilute 


I Reissert, J?er., 1907, 40 , 4209; German Patents, 182217, 182218; see Burton, 
Hammond, and Kenner, J, Chem. Soc., 1926, p. 1802. 

^ * For preparation, see oxide, below. 
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hydrochloric acid to the base, and when boiled lor 4*5 hours with sodium 
chloride solution, it is converted into a yellow hydroxvchloride, 
N02.C6ll4.CII(H^rCl).II^(0Il. 

Nitrate, pale yellow, by triturating the base with dilute nitric acid. 

Nitrite, by mixing the base with water, shaking with sodium nitrite, 
then with 10 per cent, sulphuric acid. 

p-Nitrobenzylmercuric chloride has only been obtained in an 
inii)ure state by the above method, the })roduct being converted into 
[)'nitrobejizoic acid when treated with dilute nitric acid. 

2 : 4-DinitrodimercuribenzyIidene oxide. —Dinitrotohu iie (18*2 
grams) and .54-2 grams of mercuric chlorid(‘ arc dissolved in 600 e.c. of 
absolute alcohol, and to the solution 13*8 grams of sodium in 270 c.c. of 
absolute' alcohol are (juickly added, whilst the solution is rapidly stirred. 
A brownish-r('d, yolumil h)us precipitate inunediat(‘ly sejiarates, this being 
filtered off, Avaslicd with ahohol, then boiled several times with water 
to reinov(‘ hydrochloric acid. Yield 5tS grains. The product tjius 
obtained is dillieuli to purify. When treated with hydrogen sulphide or 
10 per cent, hydrochloric a(*id it yields 2: t-dinitrotolucne, and with the 
former reagent mercuric sulphide in addition. Concentrated nitric acid 
converts it to 2 : 4-(linitrobenzoie acid. 

Although in the jireeeding compounds, formed by the interaction of 
nitrotoluenes and mercuric oxide in hot sodium hydroxide' solution, the 
mercury enters the side chain, it has recently been shown ^ that the 
mercury enters the nucleus when mercuric* acetate and nitrotoluenc arc 
lieatc'd together at liO"^ C. 

4- Chloromercuri-2-nitrotoluene.-- One jiart of nu'reurie acetate 
and 4 parts of o-nitrotoluene are gradually heat(*d with occasional 
sliaking. The melt becomes orange-red at 110'’ to 120' C. and liquelies 
to a ]iale yellow solution as the temperature rises. A temperature of 
140'’ to 150'' ('. is maintained until a test indicates the absence <)f mercury 
ions (after about four hours). After tw'clve hours a brown solid consisting 
mainly of mercurous acetate scjiarates, and the clear solution is poured 
into a large volume of ether and left for twenty-four hours. An amor¬ 
phous solid is de])osited which consists of polymercuri com])ounds, and 
contains no monoacetoxymercuri derivatives. The ether is removed, 
the solution treated with sodium chloride solution, and excess of nitro¬ 
toluenc removed in steam. The heavy, colourless product obtained is 
broken uj) and dried. It is first extracted with ether in a Soxhlet 
apparatus, to remove any o-nitrotoluene, then rccrystallised twice from 
hot acetone, the ehloromercuri compound being deposited in silky 
needles, melting at 220*5° to 221° C. (corr.). It is sparingly soluble in 
the usual solvents, except acetone and hot glacial acetic acid. With 
bromine in chloroform, or iodine it yields 4-bromo- or 4-iodo-2-nitro- 
toluene respectively. 

The ^-hromomercuri compound is a crystalline powder, M.pt. 241° C., 
and the iodide melts with slight decomposition at 286° C. 

The existence of 6 -ehloromercuri-2-nitrotoluene has also been 
proved. 

5- ehloromercuri - 2 - nitrotoluene. —2-Nitrotoluene - 5 - sulphinic 
acid is boiled with 50 per cent, aqueous alcoholic mercuric chloride for a 
week, any precipitate being periodically removed. The latter is w^ashed, 
dried, and extracted with hot acetone, from which the compound 

1 Coffey, J, Chem, Soc,, 1926, p. 637. 
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separates in small, felted, shining needles, M.pt. 210° C. Its solubilities 
and general properties are similar to those of the 4-isomeridc. 

5-Chloromercuri-3-nitrotoluene.^ —The mercuration is carried 
out by the method described under 4-chloromcrcuri-2-nitrotoluenc. 
The crude product of mercuration is extracted with hot acetone, the 5- 
chloro compound remaining undissolved. It crystallises from glacial 
acetic acid in colourless, feathery needles, M.pt. 294° C., which yield 
5-bromo-3-nitrotoluene by treatment with bromine in potassium 
bromide solution. 

4-Chloromercuri-3-nitrotoluene crystallises from the hot acetone 
extractions described above. It forms pale yellow needles, sintering 
at 207° C. and melting at 210° C. (corr.). It may be converted into 
4-bromo-3-nitrotolucnc. The presence of 6-chloromercuri-3-nitro- 
toluene in the mercuration products has also been proved. 

Pure products cannot be obtained by the mercuration of p-nitro- 
tolueiie with mercuric acetate at 140° C., so that the derivatives have 
been prepared from nitrotoluene sulphinic acids. 

2- Ghloromercuri-4-nitrotoluene is obtained by boiling 4- 
nitrotoluene-2-sulphinic acid with a 50 per cent, aqueous alcoholic 
solution of mercuric chloride. The product is washed with 50 per cent., 
alcohol, dried, and extracted with acetone, the compound separating out 
in feathery needles, M.pt. 230° to 231° C. (corr.). 

3 - Ghloromercuri-4-nitrotoluene is prepared from the sulphinic 
acid in the usual way. It crystallises in colourless needles, M.pt. 226° to 
227° C. (corr,), which may be converted into 3-bromo-4-nitrotoluene. 

Derivatives of Aromatic Sulphonic Acids.^ 

Mercuration of p-toluene sulphonic acid. —The sulphonic acid 
(190 grams) is dissolved in 750 c.c. of water and 35 c.c. of acetic acid, and 
the solution boiled and filtered. Mercuric acetate (320 grams) is treated 
in exactly the same way and the two solutions mixed whilst boiling 
and boiled for one hour. A sample diluted with an equal volume of 
water and treated with sodium hydroxide then gives a clear solution, 
and the mercuration is considered complete. The mixture is filtered 
whilst boiling, and the solid, 81 grams, rejected; the filtrate on cooling 
yields 135 grams of a crystalline product. This is extracted with 
water in a Soxhlct apparatus, a crystalline solid being isolated, which is 
soluble in warm water, alkali, and salt solutions. When air-dried the 
formula corresponds to I. ; when dried over calcium chloride, II. ; and 
dried in vacuo over phosphorus peiitoxide. 111. 


CH, 

CH, 

CH3 

j^VgOH 

1 1 

1 1 

\J 

\/ 

\y 

S(0H), 

S0,H 

SOs — 

I. 

11. 

m. 


The mercury in these compounds may be replaced by iodine, when 
2-iodotoluene-4-sulphonic acid is obtained. 

^ Coffey, J, Ghem, 8oc., 192(5, p. 3216. 

* Whitmore and Ehrenfeld,«/, Amer. Ohem. 8oc,, 1926, 49 , 789. 
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The following substances have also been mercurated, but analysis 
indicates that the products are mixtures: benzene sulphonic acid and its 
sodium salt, sodium p-bromobenzene sulphonate, p-iodobenzene sul¬ 
phonic acid, 2:5-dichlorobenzene sulphonic acid, m-nitrobenzenc sul¬ 
phonic acid, o-toluene sulphonic acid and its sodium salt, sodium p- 
toluene sulphonate, 2-chlorotoIuene-5-sulphonic acid. The mcrcuration 
of the sodium salts is a much slower process than in the case of the free 
acids. 



CHAPTER VII. 


MERCURY {continued). 

Derivatives of Aromatic Amines. 

AiJ/ tlio amines dealt with iii the present cliapter may be directly 
mei'cnrated by means of merenrie acetate, but it is impossible to predied, 
how many merenry residues can he introduced into a ^iven compound 
by eomparin^r it with similar derivatives. This is clearly shown by 
eom[)arin^' the eliloro- and nitro-anilines. Wliilst four different acetoxy- 
mereuri derivatives may be obtained from the ortho com])ound of the 
former, the meta (‘ompound only yields a triacetoxymercuri derivative 
find the para compound a monomercurated product. o-Nitroaniline, 
however, ^ives a monomercurated compound, and the meta and para 
bodies yield mono- and di-mercurated products. 

From the table on p. 112 it will be seen that when a ring-substituted 
aniline has the para position to the amino grou]) unoccupied, mercury 
invariably enters that position. A similar statement holds for the ortho 
position to the amino group, but should these two be filled, the mercury 
may enter the 6 position, if vacant. 

It is also interesting to note that when the amino grou]> in aniline 
is substituted by basic groups, mercury compounds have always been 
obtained having the metal in the para position to the amino grou]), but in 
the case of the esters of the a-anilido fatty acids, the mercury always 
enters the ortho position to the substituted amino group, and in some 
cases the jiara position as well. 

In the case of the naphthylamines, the a-(!ompound yields a diace- 
toxymercuri derivative, but jS-naphthylarnino gives only a mono- 
mcTcurated ]>roduct. 

The acetoxymercuri compounds formed above are converted to 
chloromcrcuri salts by tlie addition of sodium chloride, and to the 
hydroxides by means of sodium hydroxide. When the amino group is 
not substituted, water may be eliminated between this group and the 
hydroxymerciiri residue, yielding an anhydride, e,g. p-aminophenyl- 
mercuric hydroxide is considered to exist as 

HN.Cell^.Hg or NH-CJI.-Hg 

I_1 


In the case of the esters of a-anilido fatty acids and tolylglycine 
esters, the acetoxymercuri compounds when saponified by sodium 
hydroxide, eliminate water between the hydroxymerciiri residue and 
the carboxyl group, thus forming anhydrides of the type 


.Nil-CHo 

:<( I 

^Hg—O—CO 
110 
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The acetoxymerciiri derivatives from aniline, substituted aniline, 
and toluidine compounds, when treated with aqueous sodium thio-‘ 
sulphate give mercuri-bis products of the type R 2 ng, sometimes with 
the formation of a thiosulphate as an intermediate product, 

RHg.S, 03 Na 

Other modes of forming the mercuri-bis compounds in special cases 
are as follows :— 

1. 6-Acetoxymercuri-2:4-dichloroaniline with sodium hydrogen 
sulphate gives 6-mercuri-bis-2 : 4-dichloroaniline. 

2. p-Mercuri-bis-monomethylaniline is formed from the corre- 
s])onding hydroxide by the action of sodium sulphide. 

8. p-Mcrcuri-bis-dimethylanilinc may be obtained by tJie preceding 
method, or from p-bromodimethylaniline by the action of sodium 
amalgam in the presence of ethyl acetate, or from the chloromerciiri 
derivative by the action of metallic copper in ])yridiiic solution. 

4. o-Acetoxynu‘rcuri-]>-bromodimcthylaniline is convxTted into the 
llgHg compound by boiling for eight hours with potassium iodide in 
alcoholic solution. 

5, Mono- and diethylanilinc derivatives undergo the same reactions 
as under 2 and Jh 

The diacetoxymercuri-o-ehloroanilines when treated with sodium 
thiosulphate give compounds containing two benzene nuclei attached 
by two mercury bridges, and a doubly bridged mercury corn})ound is also 
obtained when 2 : 2' ; 4 : 4'-tetrachloromercuri diphenylamine is boiled 
with })yridine. 

The following derivatives arc stable towards ammonium sul})hide : 
p - acetoxymcrcuri-o-nitroanilinc, o - acetoxymercuri-p-bromodimethyl- 
anilinc, 2 : 4-diacetoxymercuri-a-naphthylamine, and j)-dimethylanuno- 
phenylmercuric acetate. If the latter compound be boiled with potas¬ 
sium iodide solution, then treated with hydrogen sulphide, only traces 
of mercuric sulphide are produced. Mercury compounds iTom j8- 
naphthylamine, jS-naphthylamine-O-sulphonic acid, 1 : 5-naphthylamine 
sulphonic acid are decomposed by ammonium sulphide, whilst naphthi- 
onic acid derivatives are only slowly attacked. 

The following niethods have been used lor substituting mercury 
residues in amines by halogens, in order to find the position of the 
mercury in the nucleus :— 

1. Treating an acetic acid solution of the compound with chlorine 
in the presence of calcium chloride. 

2. By the action of bromine in acetic acid solution. 

3. By the use of iodine in potassium iodide. 

4. By treating the compound with potassium perbromide. 

The following scheme shows the position taken up by mercury in 
mercurated amines, the figures on the right indicating the position in the 
nucleus. The terms mono, di, or tri indicate that a monomercuri, etc., 
derivative is formed, but its position has not been determined. All 
the rings are numbered in a clockwise direction commencing from the 
top, irrespective of the group occupying that position. This method of 
numbering apj^lies only to the table, the nomenclature in the text being 
that in current use. 
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Derivatives of Aniline. 


When aniline is treated with mercuric acetate in aqueous solution at 
room temperature a mixture of o- and p-aminophenylmercuric acetates 
is formed. 


NH, 

NHa 

,/\|Hg.OAc 

r, 

1 1 

1 1 
\/ 

\/ 

Hg.OAo 


In the earlier work on the mercuration of aniline, the para compound 
was obtained by Pesci, and he apparently found its molecular weight 
to be twice that required by the above formula. This error led him to 
formulate many substituted amines incorrectly, and many of the earlier 
formulae have since had to be revised. 

p-Aminophenylmercuric acetate.^ — The most satisfactory 
method of preparation for this compound is the one described by Dim- 
roth as follows : To 31*8 grams of mercuric acetate in 160 c.c. of water, 
18*6 grams of aniline are added. In about three hours, short, thick, 

^ Pesci, Gazzetta, 1892, 22 , i. 373; AUu R. Accad. Linceif 1892, ( 6 ), i. 312; Chern. 
Zenir,, 1892, ii. 213; Piccinini and Ruspaggiari, Gazzetta, 1892, 22 , ii. 604; Pesci, 
Zeitech, arwrg. Ohem., 1897, 15 , 208; Gazzetta, 1897, 27 , i. 667; Diniroth, Rer., 1902, 35 , 
2032; Vecohiotti, Gazzetta, 1914, 44 , ii. 1350; Reitzenstein and Bonitsch, J, prakt, 
^ Ohem., 1912, [2], 86 , 73. 
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hard, pale yellow prisms separate. These consist of practically pure 
p-aminophenylmercuric acetate, and are filtered off. On further stand¬ 
ing a second crop of crystals is obtained, but these eontain some ortho 
compound. Yield, 40 grams of pure para and 3 grams of ortho 
derivative. 

Less satisfactory preparations are: (I) Mercuration of aniline acetate 
with mercuric oxide, (2) from N-mercuri-aniline, 

CeHgNH-Hg-NHCeHs 

by the action of mercuric acetate, acetic acid, or concentrated aniline 
acetate solutions. 

The compound crystallises in prisms, M.})t. 106® to 167® C., is in¬ 
soluble in water or ether, and with difficulty in alcohol or chloroform, 
although it may be recrystallised from the latter solvent without change 
of melting-point. It possesses basic properties, turning red methyl 
orange yellow in aqueous solution, and it is soluble in dilute mineral 
and acetic acids. When treated with cold acetic anhydride it yields an 
acetyl derivative, which crystallises as glistening needles from boiling 
water, M.pt. 220® to 221° C. The same compound was isolated by 
Pesci from acetanilide and mercuric acetate, the melting-point being 
given as 218® to 220® C.^ 

Salicylaldehyde in absolute alcohol gives a mercurated Schiff’s base, 
small, yellow crystals decomposing at 185® C.^ 

The acetate can also be diazotised and coupled in the usual way, azo 
dyes containing mercury being produced. 


Condensation with Dinitrophenylpyridinium Chloride,^ 

Five grams of the acetate in 450 c.c. of boiling alcohol are treated with 
1*2 grams of the pyridine compound in the same solvent. A red colora¬ 
tion immediately appears, and a brown solid separates. The reaction is 
completed by warming for one hour on the water-bath. The cooled 
mixture is filtered, the residue washed with alcohol, then extractetl 
with acetone, until no residue remains on evaporation. The dried 
product is a brown powder, M.pt. 244® C., insoluble in the usual 
solvents. Yield 3 grams. The substance probably has the following 
constitution;— 


Hg.OAo Hg.NH.CflHa(NOo)2 

I ) I ! ' 

II II 

\/ \/ 

N-(0H)5—NH 

/% 

H C\ 


A secondary reaction also takes place, giving a small quantity of 
substance blackening at 180® C. and not melting at 250® C. This is 
isolated from the filtrate and corresponds to the formula : 


^ Pesci, Oazzetta, 1894, 24 , ii. 449; 1899, 29 , i. 397, 

® Jacobs and Heidelberger, Biol. Ckem., 1915, 20 , 518. 

* Reitzenstein and Stamm,./. praki. Chem., 1910, (2 j, 81 , 154. 
VOL. XI, : I. 
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Hg.OAc HgOH 


I I 

i I II 

\/ \/ 

N=(CH)6—NH 

H Cl 

If the above reaction be carried out in cold acetone solution, and 
water added after the reaction is complete, a brown precipitate is thrown 
down. This is extracted with acetone as before, a brown crystalline 
powder bein^ obtained. It melts at 161'^ C., and is insoluble in all 
solvents. Yield : 3 () to 40 per cent. The liltrate yields dinitroaniline. 
The product is formulated as : 

Hg.OAc Hg.OAc 


N-(CH)5—NH 
H Cl 


Condensation ivith Propargyl Acetal (acetal of p-ethoxy-acraldehyde).^ 

1 , In alcohol—hydrochloric, acid solution. Five ^rranis of acetate 
(2 mols.) in 450 c.c. of alcohol are treated with 0-91 ^rram of propargyl 
acetal (1 mol.) and the mixture boiled for six hours. To the cold 
solution 1-47 grams of 05-39 per cemt. hydrochloric acid are added, a pale 
yellow powder being obtained. It decomposes at ISO"" C. and no 
formula has been assigned to it. 

2 . In aqueous acetic acid solution. The above quantities were 
again used and the mixture warmed on the water-bath for a day. A 
yellow body is obtained, 0-3 gram, decomjmsing at 180° C. This sub¬ 
stance agrees with the formula, 

AcO.Hg.C6H4.NH.CIl3-N.C6H4.Hg.OAc.HOAc 

When treated with alkali halides, the corresponding p-aminophenyl- 
mercuric halides are formed, and with alkali hydroxides the hydroxide 
is produced. 

p-Aminophenylmercuric hydroxide, NH 2 .C 6 H 4 .HgOH. Since 
it appears doubtful whether this compound exists, it is usually formu¬ 
lated as an anhydride, 

HN.C 6 H 4 .Hg or HN-C 6 H 4 -Hg 

The corresponding acetate in dilute caustic alkali is treated with 30 
per cent, potassium hydroxide until a precipitate is obtained. This is 
filtered and dried. Its solutions arc strongly alkaline, and it readily 
forms salts with acids. In water it is only slightly soluble, and if the 
solution is heated with alkali sulphides a precipitate is formed, which 
consists of mercuric sulphide and p-mercuri-bis-aniline. The end 
product of the action of methyl iodide in methyl alcohol solution on the 
anhydride is HgI.C 6 H 4 .NMe 3 l, and when this is treated with barium 
hydrosulphide, mercuric sulphide is split off and the following substance 
remains, Hg(C 6 H 4 .NMe 3 l) 2 ). 

1 Reitaienstein and BSmtsch, J, prakt. Chem,, 1912, [2], 86, 73. 
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p-Aminopheiiylmercuric Halides and Salts. 

Chloride. ™ Five ^rams of fnicly ])owdered acetate are distiolved in 1-5 
litres of water, 10 c.c. of saturated sodium chloride solution arc added, and 
the mixture boiled. The solution soon becomes clear, and after filtering 
glistening plates appear as the solution cools. These when rccrystallised 
from alcohol or benzene melt with decomposition about 188° C. 

A second form of the chloride is known, this being amorphous. The 
acetate is dissolved in acetic acid and the calculated amount of aqueous 
sodium chloride added. The chloride comes down as a faint yellow 
preci})itate. It is insoluble in water, alcohol, or dilute acids. 

The crystalline chloride was obtained in 30 per cent, yield by Reitzen- 
stein and Stamm, the acetate and sodium chloride solution being boiled 
for thirty minutes. The ])lates, which were rcerystalliscd from benzene, 
medted at 240° C. When treated with sodium thiosulphate, p-ainino- 
j)henylmcrcuric thiosulphate is formed, and from the amorj)hous form 
Pesci isolated a crystalline product by the action of alcoholic aniline 
hydrochloride. It crystallised in line, colourless needles, decomposing 
above 150° C. 


Condensation with Dinitrophenylpyridinium Chloride, 


To 3 grams of the chloride in 500 c.c. of boiling alcohol, 1*20 grams 
of the pyridine comj)ound in alcohol are added ; the solution immedi¬ 
ately becomes yellow, and later red. The mixture is boiled for one hour, 
cooled, and filtered. The reddish-brown residue is washed with boiling 
acetone, and dried over sulphuric acid. The red-brown powder melts 
at 125° C., and is insoluble in most organic solvents. Yield 50 per cent. 
Formula : 


ClHg<^ ^N = (CH)5-NH<^ )>HgOH 

H'^1 


If the reaction be carried out in cold acetone, and the pyridine com- 
])ound dissolved in methyl alcohol, the solution becomes deep red on 
mixing, and in two hours a reddish precipitate sej)aratcs. This product 
melts at 151° C., and is insoluble in most organic solvents. Yield 30 to 
40 per cent. 


Condensation xvith Propargyl Acetal, 

1. In benzene solution. Two grams of the chloride (2 mols.) in 
500 c.c. of boiling benzene, and j)ropargyl acetal (1 mol.) are boiled for 
two hours. Benzene saturated with hydrogen chloride is added, and 
yellow flocks separate. These are filtered and washed with ether, giving 
u very light, pale yellow powder. 

2. In hydrochloric acid. Five grams of chloride in 200 c.c. of 
water, 0*78 gram of hydrochloric acid (density 119), 0*98 gram of 
propargyl acetal are warmed for a day on the water-bath. An orange- 
yellow body (5 grams) separates. It sinters at 210° C. and probably 
has the formula : 


lIgCl.CeH4.N-CH3.NH.CeH4.HgCl 
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Condensation with EthooDyacrolein AcetaL 


If the reaction be carried out as above, an orange-coloured body is 
obtained, which darkens at and melts at 190° C. Formula : 


ClHg<^ ^NH - CH - OH - 0H<^ 


OEt 

OEt 


The following p-aminophenylmercuric salts are obtained by the 
action of the corresponding alkali salts on the acetate: hromide, 
colourless lamiiiic, M.pt. 182° C.; iodide, M.pt. 165° C. (with decom- 
])osition); nitrate, microscopic crystals ; sulphate, needles, M.pt. 150° C. 
(with decomposition); thiosulphate, colourless plates, M.pt. 95° C. 
(with decom})osition). 

p-Mercuri-bis-aniline, (Nll 2 CgH 4 ) 2 lIg.—This product is most 
readily formed by heating the above thiosulphate with water, j)- 
Mcrciiri-bis-acetanilide heated at 100° C. in sealed tubes with alcoholic 
potassium hydroxide yields the same compound. It crystallises in 
colourless needles, M.pt. 174° C. (with decomposition). 

o-Aminophenylmercuric acetate occurs as previously stated in 
small yield in the mother-liquors from the para compound. It has 
similar properties to its isomer, and is readily soluble in dilute mineral 
acids, acetic acid, or dilute alcohol, crystallising from the latter in 
j)early plates, M.pt. 158° to 160° C. The acetyl derivative is made from 
its components with ice cooling, and crystallises from acetic acid in 
plates, M.pt. 156° to 158° C. These when treated with aqueous bromine 
in ])otassium bromide solution yield o-bromoacetanilide, which proves 
the constitution of the mercury compound. 


Condensatmi with Dmitrophenylpyridinium Chloride, 

The acetate (2*5 grams) in 400 c.c. of acetone is treated with an 
acetone solution of the pyridine compound. A slight evolution of heat 
takes ]dace, the liquid becomes red, and a red precipitate separates. 
The solvent is evaporated in vacuo. Yield 0*7 gram. Formula : 

\ - / \ / 

Blg.OAo ^ ® Hg.NHC,H,(NO,), 


p-Aminophenylmercuric chloride, obtained by adding sodium 
chloride to the acetate in acetic acid, recrystallises from the latter in 
long, colourless plates. It may be isolated from the mixed acetates 
formed during the mercuration of aniline by dissolving them in acetic 
acid and adding sodium chloride, a mixture of amorphous para chloride 
and crystalline ortho chloride being obtained. These can be separated 
by warm alcohol, in which only the ortho chloride is soluble. 

2 :4-Diacetoxymercuri aniline,^ 

NHj 

|^|Hg.0Ac 

I I 
\/ 

Hg.OAc 


^ Vecchiotti, Gazzetta, 1914, 44 , ii. 1350; Ohem, Zentr,, 1914, ii. 1350; Pesoi, Chem, 
Zeit, 1899, 23 , 58; Gazzetta, 1899, 29 , i. 394. 
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A mixture of 28*25 grams of aniline and 160 grams of mercuric acetate in 
200 e.e. of water is allowed to stand for two days. The deposit of crystals 
is suspended in ammonium acetate solution, brought into solution by 
the addition of ammonium hydroxide, the mixture neutralised by acetic 
acid, and the precipitate allowed to stand for twelve hours. It is then 
washed with dilute acetic acid, and the abov^c operation again re])eated. 
It (Tystalliscs in warty prisms, M.pt. 200^^ C., soluble in ace^ti(! acid or 
ammonium hydroxide, slightly soluble in boiling w^atcr, and insoluble in 
alcohol. When boiled for twelve hours with acetic anhydride, tlu^ 
aceiyl derivative is formed as colourless, micToscopic tetraliedra, M.j)!. 
22(f' C. The mercury may be removed by bromine in acetic; acid 
solution, 2:4-dibromoacctanilide being obtained, this proving the position 
oJ' the mercury in the nucleus. When the diacetatc; is triturated with 
water and treated with potassium hydroxide, the dihydnhrymermri 
comj)ound is formed. It crystallises in microsco])ic needles, decompos¬ 
ing at 850” C., slightly soluble in boiling watc^r, insoluble in alcohol. 


Derivatives of Halogf.nated Anilines. 


p-Acetoxymercuri-o-chloroaniline.^ This product is one of a 
series of four derivatives obtained from the ijitcraetion of o-e.hloroaniline 
and mercuric acetate, in aqueous or dilute alcoholic solution. It 
crystallises from alcohol in white needles, M.pt. 184” and when 
treated with alkali, forms an hydroxide^ decomj)osing at 205” C. The 
latter compound, or the acetate, when treated with aqueous sodium 
chloride yields the chloride, a compound decomposing at 174” C. 

The acetate when acetylated gives a crystalline product, M.])t. 288” 
to 289” (^, and this when dissolved in acetic acid and treated with 
calcium chloride and chlorine gives o-p-dichloroacetaniiide, showing 
the position of the mercury in the nucleus. 

p-Mercuri-bis-o-chloroaniline, M.p^* pre])ared in the 

usual manner by the action of sodium thiosulphate on the acetate. 

A second monoacetoxymerciiri compound, isomeric w'ith the abo\ e, is 
isolated from the products of mercuration. It crystallis(‘s in yelloNv 
needles, M.pt. 148” C., but the position of the mercury has not been 
determined. 

The other two compounds from o-chloroaniline are diacetoxy deri¬ 
vatives. 

4 :6-Diacetoxymercuri-o-chloroaniline, NHg.CcIIaC^Hg.OAcOj^, 
decomposes at 220” C., and yields an hydroxide decomposing at 250” C. 
and a chloride at 190” C. The acetate gives an acetyl derivative, M.])t. 
280” C., from which 2:4: 6-trichloroanUine may be obtained in the usual 
way. The acetyl derivative of the chloride decomposes at 276” C. The 
action of sodium thiosulphate on the acetate results in the production of 
a compound decomposing at 200” C'., which is either 4 :6-mercuri- 
chloro-aniline (1.) or 4 :6-dimercuri-bi8-o-chloroaniline (II.) 


(I.) 


Hg 


[A,: 


(n.) 


H, 




I I 

il I 


-Hg- 


7 ^ 


NHj NH, 

4:5-Diacetoxymercuri-o-chioroaniline melts at 283“ 

^ Vecchiotti and Michetti, QazzeUa, 1925, 55 , 372. 


C., and 
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its acetyl derivative at 230° C. The latter in the usual manner yields 
2:4: 5"trichloroaeetaiiilidc‘. Concentrated sodium tliiosulphate on the 
diacetatc produces either 4 : 5-mercuri-o-chloroaniline (HI.) or 
4:5-dimercuri-bis-o-chloroaniline (IV.), decomposing at 100° C. 


(IV.) 


6-Acetoxyniercuri-2 :4-dichloroaiiiline ^ is j)re 2 )ared in the 
usual manner IVoin 2: 4-diehloroaniIine and mercuriit acetate in dilute 
alcoholic solution. It melts at 170° to 171° C., forms a hydro,ride and 
chloride, M.})t. 230° C. and 103° C. n‘specti\ ely. I'hci acetyl d(‘rivative, 
M.})t. 283° C., yields 2:4:0-trichloroacetanilidc. In this case a iner- 
curi-bis compound is obtained by the action of sodium hydrogen sub 
})hate on the acetate. It is {S-}mtr(niriM)iH-"l: i^-dichloroanilvne, M.])t. 
108° C. 

When m-ehloroaniliiu* is mereurated in aqueous solution, using 
nu reurie acetate*, no mono- or diaeetoxy derivatives are obtained, but 
only a triaeetoxy compound.^ 

2:4: 6-Triacetoxymercuri-iTi-chloroaniline melts at 210° C. ; 
tiu; irihydnkvynfercuri and irichloromercuri compounds decomposing at 
225° C. and 205° C. respectively. The triaecdate when acted ujx)n by 
chlorine in the presence of calcium chloride yields 2 : 3: 4: G-tetrachloro- 
aniline. 

o-Acetoxymercuri-p-chloroaniline ^ cTystallises iji ))rismatic 
needl(‘S, M.pt. 207° C\ It forms a hydro,vide aiul chloride, the former a 
white ])recipitate, and tb(‘ latter needles, M.])t. 205° U. When acetylated 
the acetate yields 2-acefoey7nercuri-p-chloroacelaHiiide, which is (*on- 
\’erted by chlorine to 2: l-diehloroacetafulidc*. 

o-Iodoaniliue, unlike tlie corres})onding o-ehloroaniline, only yields 
one derivati^'e when treated with mercuric acetate. 

4-Acetoxymercuri-o-iodoaniline melts at 140° C.; the hydroxide 
has M.pt. 152° i\; the iodide, M.})t. 183° C. With iodine the ac(dyl 
derivative gives 2 ; 4-di-iodoacctanilidc.^ 

Similarly, p-iodoaniline yields 2-acetoxymercuri-p-iodoaniline, 
M.])t. 179° C. ; an M.j^t. 259° C. ; an iodide, decomposing at 

1G5° C. ; an acetyl derivative, M.j)t. 205° C., converted by iodine to 2 : 4- 
di - iodoacetani 1 ide. 


Derivatives of Nitkoanieines.^ 

p-Acetoxymercuri-o-nitroaniline, 


NH, 



Hg.OAc 


1 Veccliifitti and Carani, Uazzetla, 1920, 56, U7. 

* Vecchiotti, Gazzetta, 1920, 56 , 216, 

3 Vecchiotti, Gazzetta, 1924, 54 , 411. 

* Vecchiotti and Miclictti, Gazzetta, 1920, 56 , 480. 

® Kiiarasch, Lommen, and Jaoobsohu, A^mr. Ghem, Hoe., 1922, 44 , 793. 
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To a solution of 9-2 grams of mercuric acetate in 15 c.c. of water 
containing a few drops of acetic acid, a solution of 4*7 grams of o-nitro- 
aniline in 60 c.c. of alcohol is added, and the mixture boiled for one hour. 
The liquid is filtered whilst hot, and on cooling the compound separates. 
It is recrystallised from alcohol containing a little acetic acid, yellow 
crystals being deposited. It does not melt at 300° C., but turns red very 
gradually. It is stable towards ammonium sulphide. 

p-Chloromercurl-o-nitroaniline is obtained from the preceding 
compound by adding aqueous sodium chloride or alcoholic calcium 
chloride to its alcoholic solution. It is orange in colour and has no 
melting-point. Dilute alkali turns it red. 

Quinone - (1) -imide aci - (2) - nitro - (4) - mercury, 

NH 

'ti 

This compound is produced when any ot the mercury derivatives of 
o-nitranilinc are heated in the dry state or treated with dilute sodium 
hydroxide or even u])on boiling with alcohol. The yields are 
quantitative. 

p-Acetoxymercuri-diacetyl-o-nitroaniline, AcO.Hg.C^jHa.NOg. 

NAcg.- The acetate is heated under reflux with acetic anhydride and 
ethyl acetate. A straw-yellow substance is deposit(‘d on cooling, M.pt. 
194" C. with decomposition, giving a yellow solution in sodium hydroxide. 
This conqjound Jiiay be converted to the mononveiyl derivative hy auspQnd- 
ing it in w^ater and adding dilute sodium hydroxide. A yellow solution 
is formed, from which dilute acetic acid gives a yellow crystalline 
product. It dissolves in sodium hydroxide, giving a yellow solution 
which slowly de])osits a red precipitate. It decomposes at 194° C. 
The position of the mercury is proved by shaking the acetyl com- 
]jound with potassium perbromidc, when the mercury is replaced by 
l)romine. 

p-Acetoxymercuri-m-nitroaniline. A solution of 9*6 grams of 
mercuric acetate in 40 c.c. of water is added to a solution of 4-2 grams of 
m-nitroanilinc in 60 c.c. of alcohol, and the whole heated for three hours 
on the water-bath. The hot solution is filtered, and the solid residue 
repeatedly extracted with alcohol containing a little acetic acid. A 
dark-red residue remains, M.pt. 225° C., which is the diacctoxy compound 
below. The alcoholic extract is evaporated and the residue recrystal¬ 
lised from a mixture of alcohol and acetic acid. Yellow product, 
M.pt. 183° C. 

o-p-Diacetoxymercuri-m-nitroaniline,— Obtained as above or 
by boiling an alcoholic solution of 4*2 grams of m-nitroaniline with 19-4 
grams of mercuric acetate in ac|ueous solution until a test gives no 
mercuric sulphide when reaction mixture is treated with ammonium 
sulphide. Red compound, M.pt. 225° C. The acetyl derivative is a white 
compound, melting with decomposition at 230° C. The position of the 
mercury is determined by the aid of potassium perbromide. 

o-Acetoxymercuri-ponitroaniiine. —This substance is best pre¬ 
pared similarly to the corresponding o-nitroaniline, but it may also 
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be isolated by treating the compound shown below with mercuric 
acetate. 




0-Hg-O 


(p-Qiiinone-imide aci-nitro mercury). 


The acetate is a yellow, crystalline compound, which is uncliauged at 
300"’ C. Its acetyl derivative is a white, crystalline product. 

o-Chloromercuri-p-nitroaniline is an orangc-yelloAv product 
soluble in alkali. It docs not melt beloAV 300"" ('. 

2 :6-Diacetoxymercuri-p-nitroaniline —An alcoholic solution of 
0 grams of p-nitroanilinc is boiled with an aqueous solution of 18*4 grams 
of mercuric acetate. Any monomercuri compound is removed from the 
residue by washing with hot alcohol containing a little acetic acid, and 
the })roduet is then dissolved in pyridine to remove any metallic mercury. 
The addition of acetone })rccipitates the compound, which is dried in 
vacuo. It is orange in colour and does not melt at 300"" U. 

Quinone-(l)-imide aci-(4)-iiitro-(2)-mercury is formed by 
treating any of the preceding compounds with dilute alkali, heating alone 

NH 



11 ^ » 

N- O 

or with alcohol. The compound is maroon in colour, and with acetic or 
hydrochloric acid givers the acetate or chloride respectively, which do not 
melt below' 300"' C. 

o-Mercuri-bis-p-nitroaniline,(C6ll3.NIl2.N02)2llg.—Thcacctatc 
is moistened with alcohol, suspended in water, and aqueous sodium 
thiosulphate added. Solution takes place, and the wiiole is boiled for 
six minutes; a yellow precipitate soon forms. It is purified by extrac¬ 
tion with alcohol. Yield 86 per cent. 

Derivatives of Mono- and Di-alkylanilines. 

p-Methylaminophenylmercuric acetate, NHMe.CeH4.1ig.OAc.^ 
—The preparation is carried out in the usual manner from mercuric 
acetate and monomethylaniline in aqueous alcoholic solution. The com¬ 
pound crystallises in glistening plates, M.pt.'149° C. with decomposition ; 
it is soluble in hot alcohol or dilute acetic acid, insoluble in ether or water. 
When treated with potassium hydroxide, the hydroxide is formed. This 
cry^stallises in pearly plates, containing water of crystallisation, and 
melts at 118° C., decomposing at 120° C. It forms strongly alkaline 
solutions, which have a caustic taste. In alcohol it is readily soluble, 
sparingly soluble in water, insoluble in ether. 

The following salts arc also known: chloride, yellow, amorphous 
powder, M.pt. 108° C. with decomposition, becoming green on exposure 
to light; bromide, M.pt. 120° has same properties as the chloride; 

1 PeBci, Qazzetki, 1893, 23, ii. 621, 629 ; Ohem, Zentr,, 1894, i. 601; Zeitzch, anorg, 
Chenk, 1897, 15, 216. 
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nitrate, hexagonal plates, decomposing suddenly at 150’ V, ; mlphate, 
microscopic prisms, M.pt. 130° C. with decomposition, becoming grey- 
green on exposure to light. 

p-Mercuri-bis-monomethylaniline is 2 )repared from the hydrox¬ 
ide by the action of sodium sulphide. It crystallises from benzene in 
lustrous, colourless needles, M.pt. 178° to 179° C., sparingly soluble in 
alcohol, insoluble in ether. 

p-Nitro-o-acetoxymercuri-monomethylaniline.i — The follow¬ 
ing general method of ])reparation for compounds of this type has been 
given. One molecule of the compound in a small volume of alcohol 
is boiled with an aqueous solution containing 0-9 mol. of mercuric 
acetate until a test portion gives no precipitate with ammonium sul¬ 
phide. The solution is filtered whilst hot, and the mercurised acetate 
crystallises out on cooling. The mother-liquor from this, when treated 
with aqueous sodium chloride, yields the chloromercuri compound. 
Yields are quantitative. The substance forms small, yellow crystals, 
M.pt. 197° (-. with decomposition, soluble in acetone and alcoliol-acetic 
acid. The corresponding chloride is a yellow crystalline compound, melt¬ 
ing with d(iComposition at 215° C., soluble in acetone or boiling alcohol. 

p-Dimethylaminophenylmercuric acetate ^ may be obtained : 

1. By the interaction of the amine and mercuric acetate at room 
temperature. 

2. By dissolving yellow mercuric oxide in an aqueous solution of 
dimethylaniline acetate. 

It crystallises in colourless, glistening needles, M.pt. 165° C., soluble 
in benzene, chloroform, or dilute acetic acid, insoluble in water. No 
mercuric sulphide is precipitated when it is treated with cold ammonium 
sulphide. Boiling with potassium iodide and subsequent ])assing of 
hydrogen sulphide only gives traces of mercuric sulphide.^ The hydrox¬ 
ide is formed by the action of sodium hydroxide, and crystallises in 
microscopic prisms, turning brown at 150° C. and melting at 179° C-. 
It is fairly soluble in warm water, the solution being feebly alkaline. 
On boiling the hydroxide with methyl iodide a quaternary ammoniunt 
compound is formed, IIgI.C^jIl 4 .NMe 3 l. This crystallises from boiling 
water in thin, flexible needles, which turn brown at 218° C. and melt at 
230° C. on rapid heating. It is not attacked by boiling potassium 
hydroxide, but moist silver oxide yields the corresponding base as a 
caustic liquid, which rapidly absorbs carbon dioxide. The methiodidc 
gives a chloride when treated in aqueous solution with silver chloride, 
which crystallises in small needles, soluble in water or alcohol. The 
latter yields a double salt with mercuric chloride, crystallising in lamiiuc, 
M.pt. 225° C. with decomposition. 

The acetate with sodium chloride solution gives p-dimethylamino- 
phenylmercuric chloride. The latter may also be obtained by 
shaking a benzene solution of p-mercuri-bis-dimethylaniline with a 
saturated benzene solution of hydrogen chloride, or from alcoholic p- 
mercuri-bis-dimethylaniline and mercuric chloride.^ It crystallises 
from boiling alcohol in hexagonal jjlates, M.pt. 225° C., becoming red 
and decomposing. It is soluble in cold hydrochloric acid or chloroform, 

^ Khai'asoh and Jacobsohn, J. Amer. Chtm, ISoc,, 1921, 43 , 1894. 

^ Pesci, loc. cU ,; Dimroth, Ber„ 1902, 35 , 2032. 

® Dimroth, Zeit anorg. Chem,, 1903, 33 , 314. 

* Miohaelis and Rabinerson, Ber,, 18^, 23 , 2342. 
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but less soluble in benzene. Warmed with sodium carbonate it yields 
dimethylaniline and mercuric chloride. The corresponding bromide 
melts at C., and the iodide forms colourless plates, M.pt. 195° C. 
with decomposition. 

p-Mercuri-bis-dimethylaniline.^ 

1 . The p-bromodimcthylaniline derived I'roin 100 grams of dimethyl- 
aniline is dissolved in 70 grams of xylene, 1/10 the xolume of eiJiyl 
acetate added, and suflieient 1*5 per cent, sodium amalgam to give 
double the quantity of sodium required for the reaction, and the mixture 
boiled for twenty-four Jiours. The mass is filtered and the filtrate dis¬ 
tilled under reduced pressure, a faint yellow crystalline residue resulting, 
which changes to a white jiowder in contact with air. 

2 . By treating p-dimethylaminoj>henylmercuric chloride in pyridine 
with metallic copper. Yield 81 per eent.^ 

;3. p-Dimethylaminophenylmereuric liydroxide in aqueous sus¬ 
pension is reduced by sodium sulphide, tlu' product being extracted 
from th(' resulting j)recipitate by hot benzene. 

It crystallises from })enzcne in Jicedles (*ontaining benzene, this 
benzene of ciystallisation being lost on standing in air. It is slightly 
soluble in alcohol or ether, l^ut readily in chloroform, the crystals melting 
at 1(39° C. It is i)recipitated from its dilute hydrochloric^ acid solution 
by sodium hydroxide, but warming with hydrochloric acid leads to 
decomposition. It readily reacts with phos])horus tric^hloride to givT 
dimethylamidophosphenyl chloride, Cl 2 P.C 6 H 4 .NMc 2 . 

When 2 mols. of p-mercuri-bis-dimethylaniline in benzene solu¬ 
tion are treated dro}3wis(^ witli a solution of thionyl (chloride in the 
same solvent, a bright yellow product is ])reci])itated. The r(‘action is 
represented as follows - 

2(C6ll4NMe2)2lIg-fS()Cl2-(C6H4NMe2),S.().Hg.C6H4NMe2+II^ 

This comi)ound is deeomj)osed by liydrogcii sulphide, hexamethyl- 
triamidotri];)henylsulphinc chloride being obtained.'^ 

Methyl iodide reacts with p-mercuri-bis-dimethylaniline to form the 
quaternary ammonium compound (C 6 H 4 .NMc 3 l) 2 lIg, colourless crystals, 
becoming yellow at 218° C. and melting at 230° C. This yields the 
corresponding chloride with silver chloride, the mercuric chloride double 
salt of wliich decomposes at 225° C. 

o-Acetoxymercuri-p-bromodimethylaniline.^ — An alcoholic 
solution of p-bromodimethylaniline and an aqueous solution of mercuric 
acetate are mixed at 30° C^, tightly stoppered in a bottle, and allowed 
to stand for six days. Needles separate out in 74 per cent, yield. If 
more concentrated solutions are used and heat is applied only a brown oil 
is obtained, which docs not crystallise after standing for three months, 
and a lower yield also results when the mercuric acetate is slowly added 
with vigorous stirring. The acetate crystallises in white needles, 
M.i)t. 144° C., very soluble in hot methyl alcohol or carbon disulphide, 
fairly soluble in hot ethyl acetate, benzene, carbon tetrachloride, or 
cold concentrated ammonium hydroxide, j)ractically insoluble in water 

1 Pcsci, Gazzetta, 1893, 23 , ii. 521 ; Michaelis and Sclilenk, Rer., 1888, 2I, 15U1; 
Ann(/.k7i, 1890, 260, 6 . 

2 Hein, Wagler, and Ktitter, Ber,, 1925, 58 , [B], 1507. 

3 Michaelis and Oodchaux, Ber., 1891, 24 , 758. 

Wliitmoro, J. Amer» Ohem, Soc., 1919, 41 , 1841. 
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or petroleum ether. No black mercuric sulphide is precipitated by 
ammonium sulphide. The following salts are also known :— 

Chloride, from alcoholic solution of acetate by alcoholic calcium 
chloride; separates from alcohol or benzene in felted masses of needles, 
M.pt. 183° C. Bromide, forms larger crystals than the chloride and is 
more soluble; M.pt. 182° C. Iodide, much more soluble, M.pt. 11)9° C. 
Thiocyanate, fine white, gritty crystals, M.))t. 135° C., decomposing at 
140° C. Hydroxide, from alcoholic acetate and the requisite amount 
ol‘ sodium liydroxide in alcohol, forms hard, warty masses of crystals, 
M.i)t. 102° C. Formate, line felted ncedl(‘S, M.pt. 145° C., decomposing 
at 150° C. 

Mercuri-bis-p-bromodimethylaniline. The acetate, 27 0 grams, 
is mix(‘d with 23 grams of potassium iodide in 200 c.c. of alcohol, and tlu^ 
mixture heated under reflux for eight hours. The precipitate is filtered 
and extracted with cold Ixar/cne to remove impurities. Yield 15-5 
grams, SO per cent. Four iTystallisations from benzene give iiiu*, wliitc 
needles, M.pt. 123° C., readily soluble in cold benzene, toluene, ether, 
acetone, or carbon disulpliidc. Smaller yields of this compound are also 
obtained from the above acetate by the action ol' sodium thiosul])hate or 
potassium suljdiide. 

The mereuri-bis compound r(‘acts with mercuric chloride, bromide, 
iodidc‘, and thiocyanate, giving good yields of the above salts. 

o-Nitro-p-acetoxymercuri-dimethylaniline.* The preparation 
oi‘ this and the following coni])ounds has been described under p-nitro- 
o-acetoxym<‘rcuri-monomethylanirme (p. 121). It is a Imght yellow, 
cryvstalline substance, M.j:)t. 100° C., soluble iii tJie usual organic solvents. 
With sodium chloride* solutioii it yields the p-chloro derivative, a red 
amorj)hous product, M.pt. 1(S5° C. with decomposition, soluble in «acetonc 
or boiling alcohol. 

m-Nitro-p-acetoxymercuri-dimethylaniline occurs as brilliant 
orange n(*(‘dles, M.])t. 140° (\, solubk* in the usual solvents. The 
chloride is red and amorjdious, M.pt. 220° F. with decom})osition. 

p-Ethylaminophenylmercuric acetate ^ forms colourless prisms, 
M.pt. 130° C., insoluble in water. Treated in alcoholic solution with 
calcium chloride, the chloride is obtained as hexagonal plates, M.})t. 
143° C., soluble in boiling alcohol, but insoluble in water. The acetate 
reacts ^\^ith potassium hydroxide to form the hydroxide, colourless 
needles, decomposing at 145° C., slightly soluble in cold water, insoluble 
in ether. This hydroxide witli methyl iodide yields the quaternary 
ammonmm compound, JIgI.C 6 ll 4 .Et.NMe 3 l, which crystallises in long, 
colourless, glistening needles, M.pt. 202° C., easily soluble in hot water, 
and unchanged by caustic alkali. From this may be obtained the 
chloride, colourless needles, which form a double salt with mercuric 
chloride, M.pt. 169° C., and the hydroxide, which forms a highly caustic 
solution which absorbs carbon dioxide from the atmosphere. 

p-Mercuri-bis-monoethylaniline is obtained by the action of 
sodium sulphide on the hydroxide. It crystallises from boiling xylene 
in colourless needles, M.pt. 166° C., whilst from alcohol or benzene it 
crystallises in plates. 

p-Nitro-o-acetoxymercuri-monoethylaniline occurs as small 
yellow crystals from alcohol, M.pt. 183° C. The chloride is a yellow, 

' Kharasch and Jacobsohn, J, Amer. Chem. Soc., 1921, 43 , 1894. 

* Pesoi, Zeitsch. anorg. Chem., 1897, 15 , 208. 
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amorphous solid, M.pt. 218 *^ C. Both are soluble in aleohol or 
acetone.^ 

p-Diethylaminophenylmercuric acetate^ forms colourless, glis¬ 
tening needles, M.pt. 104*4° C., soluble in alcohol, ether, or dilute acetic 
acid, insoluble in water. The chloride crystallises in thin needles, M.pt. 
164*5° C., sparingly soluble in hot water, and when heated with aqueous 
sodium carbonate yields an oxide, (Hg.C 6 H 4 .NEt 2 ) 20 , crystallising in 
lustrous, colourless needles, M.pt. 220® C.® The hydroxide forms colour¬ 
less needles, M.pt. 200° C. with decomposition, slowly decomposed by 
boiling water. When heated with methyl iodide in methyl aleohol 
solution it gives a quaternary ammonium compound, {C(jll 4 .NEt 2 MeI ) 2 Hg, 
small colourless prisms, M.pt. 203° C., slightly soluble in (rold alcohol, 
insoluble in ether or benzene. The corresponding chloride crystallises in 
long, colourless needles, which yield a douldc salt with mercuric chloride, 
M.pt. 200° C. with decomposition. 

p-Mercuri-bis-diethylaniline is prepared (1 )from p“})romodiethyl- 
aniline and sodium amalgam, (2) from reduction of the hydroxide by 
sodium sulphide, (3) from the above oxide by the action of sodium thio¬ 
sulphate. It crystallises in small, colourless prisms from hot benzene, 
M.pt. 160*6° C., soluble in ether, insoluble in alcohol. AVith methyl- 
iodide it gives the usual quaternary ammonium compound. 


Derivatives of Benzylaniline.^ 

p-Benzylaminophenylmercuric acetate, obtained by the inter¬ 
action of benzylanilinc and mercuric acetate in aqueous alcohol at 50° C., 
forms colourless needles, M.pt. 143° to 144° C., soluble in benzene or 
chloroform, insoluble in water. The chloride, isolated in the usual way, 
is a powder, crystallising from benzene or alcohol in glistening plates, 
M.pt. 173° to 174° C. The hydroxide sinters at 82° C. and melts at 215° C., 
and is decomposed by alcohols or benzene. Treated with nitric acid 
the hydroxide gives a nitrate, a crystalline powder, decomposed by boiling 
water and melting with decomposition at 150° C'. 

p-Mercuri-bis-benzylaniline, prepared from the hydroxide by the 
action of aqueous sodium thiosulphate, crystallises from benzene in 
small, colourless needles, M.pt. 171° C. with partial decomposition. It 
is insoluble in methyl or ethyl alcohol. 


Derivatives of Acid Anilides.® 

p-Acetaminophenylmercuric acetate. - An intimate mixture of 
2 mols, of mercuric acetate and 1 mol. of acetanilide is heated’for one 
hour at 114° to 115° C., then for two hours at 100° C. Two volumes of- 
boiling water arc then added, and the mixture filtered after standing for 
twenty-four hours. It crystallises from boiling water in microscopic 
tetrahedra, M.pt. 220° C., soluble in boiling water, methyl, or ethyl 

^ Kharasch and Jacobsohn, J. Amer. Chem. Soc., 1921, 43 , 1894. 

® Piccinini, Gazzetta, 1893, 23 , ii. 634; Ruspaggiari, Sazzetta, 1893, 23 , ii. 644; 
Poaci, Zeitsch. aiwrg. Chem., 1897, 15 , 208. 

^ Pigorini, Gazzetta, 1894, 24 , ii. 465. 

^ Pesoi, Zcitsch. anorg. Chem., 1897, 15 , 208. 

* Pesci, Gazzetta, 1894, 24 , ii. 449; Zeitsch. amrg. Chem., 1897, 15 , 222 ; Chem. Zeit., 
18^9, 23 , 68 ; Chem. Zentr., 1899, i. 627 ; Piccinini, Gazzetta, 1894, 24 , ii. 463. 
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alcohol, insoluble in benzene. The chloride crystallises with 2 mols. 
of water in microscopic needles which lose their water at 100° C. 
They melt at 250° C., are slightly soluble in alcohol, insoluble in water. 
The hydroxide is a micro-crystalline substance having a strongly alkaline 
reaction. It decomposes at 270° C., and with sodium or barium sul¬ 
phides yields p-mercuri-bis-acetanilide. When the acetate is treated 
with sulphuric acid, a sulphate is obtained as colourless needles, soluble 
in acetic acid or alkali acetates, insoluble in water or alcohol. 

p-Mercuri-bis-acetanilide, [)repared as stated above, crystallises 
in colourless needles, M.pt. 244° to 246° C., and when heated with 
alcoholic potassium hydroxide at 100° C. in a sealed tube it yields p- 
mercuri-bis-aniline. The anilide is slightly soluble in boiling alcohol, but 
insoluble in other solvents. 

Penta-acetoxymercuri acetanilide, C 6 .NHAc.(Hg.OAc) 5 .i—An in¬ 
timate mixture of 16 grams of mercuric acetate and 1 gram of acetanilide 
is heated at 115° to 145° C. until a test portion gives no reaction for 
mercury ions. The product is dissolved in ammonium hydroxide, acetic 
acid added, and in twenty-four hours needles are deposited. These 
dissolve in cold water, the solution being viscous, and when heated to 
80° C-. coagulation takes place. When treated with bromine, }>enta- 
bromacetanilide, M.pt. 284° to 285° C., is obtained. 

Derivatives of Diphenylamine. 

p-Acetoxymercuri-diphenylamine,C6H6.NH.CflIl4.Hg.OAc.2—An 
alcoholic solution of diphenylamine is treated with a solution of mercuric 
acetate in 50 per cent, alcohol in the presence of a little acetic acid. The 
acetate crystallises from alcohol in plates, M.pt. 178° C., slightly soluble 
in alcohols or hot benzene, insoluble in water. Treated with alcoholic 
calcium chloride it gives the chloride, microscopic plates, decomposing 
above 240° C. 

With potassium hydroxide the hydroxide is formed, a white, amor¬ 
phous substance decomposing above 200° C. It has an alkaline reaction 
in aqueous and alcoholic solution. 

p-Mercuri-bis-diphenylamine, obtained from the hydrate by 
sodium thiosulphate, is a white powder. It crystallises in scales from 
boiling benzene or chloroform, M.pt. 182-5° C. 

2 : 2' : 4 : 4'-Tetrachloromercuri-diphenylamine,® 

Nh(-<^ “^-HgCl), 

Diphenylamine and mercuric chloride are heated together, and the melt 
poured into acetic acid and boiled for some time. A yellow product is 
obtained, from which unchanged diphenylamine is removed by extrac¬ 
tion with acetic acid. It does not melt at 260° C., and is insoluble in all 
organic solvents. 

When boiled with pyridine the compound appears to be decomposed 

^ Railo and Rossi, ZeitacK Cham. Ind. KoUoide,, 1912, iz, 120 ; Ghem. Zentr., 1912, ii. 
2070; Bernard!, Gazzetta, 1926, 56 , 337. 

* Prussia, OazzeUa, 1898, 28 , ii. 129 ; Cham. Zentr., 1898, ii. 928. 

» Kharasch and Piccard, J. Amer. Chem. Soc., 1920, 42 , 1866. 
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into mercuric chloride and 3: S'-m^rcuri-mercazine, to which the 
following formula' have been assigned : - 



I > 

II. II 



X 


and 




-NH- 

-Hg- 

-Hg- 


'x/ 


2H„() 


This compound, with sodium thiosulphate in alcoholic solution at 
70° C., yields a g^rcy product insoluble in all organic solvents. It is 
unstable towards nitric acid, and when heated to 100° C. in vacuo 
nu'rcury distils off. 

Nitration of the tc'trachloromercuri compound by mixed acid gives 
a light brown compound, insoluble in orgainc solvc'uts, but partly soluble 
in sodium hydroxide, giving a red coloration. Tfie position of tlu' 
nitro groups is uncertain, and the following structure is given : 


NO, 




This compound, when treated with sodium thiosulphate, gives a light 
brown substance, which loses mercury at 100" C. in vamo, and when 
heated at 54° C. in vacuo for fifteen minutes loses 5-22 per cent, of water. 
The name, inercury-bis-3-dinitro(?)-mercazine, has been assigm*d 
to it, and the following structure - 


I I 


N’TT >^^^2 NO, 


Ih 


y\y' 


-Hg 


r I II 

.11 II MA 


p-Acetoxymercuri-methyldiphenylamine,’ pre})arcd in the usual 
manner, crystallises from alcohol in needk s, which yield the hydroxide 
when treated with potassium hydroxide, as a white amorphous powder. 

p-Mercuri-bis-methyldiphenylamine is isolated from the acetate 
by treatment with 25 per cent, sodium thiosuli)hate. It crystallises 
from benzene-ligroin in colourless plates, M.j)t. 138° to 139° V, 

Acetoxymercuri-N-methylthiodiphenylamine is obtained when 
N-methylthiodiphenylaminc in alcohol or acetic acid is treated with 
mercuric acetate. A diaceioooyrnercuri derivative is also produced at 
the same time. The former compound melts at 165° C., the latter 
decomposes without melting at 300° C. If the N-methylthiodiphenyl- 
amiiie be replaced by thiodiphenylamine no mercury derivative results, 
but only o-dithiotetraphenylhydrazine, this product also occurring on 
the interaction of mercury acetamide and thiodiphenylamine.^ 


D.EH1VATIVES OF a-ANILIDO FaTTY AcIDS AND THEIR EsTERS.^ 

In this series of compounds the substitution of mercury becomes 
more easy as the series is ascended. Whilst the ethyl a-anilido acetate 

^ Garbarini, (Jazzetta, 1898, 28 , ii. 132; Chtm, Zenir., 1898, ii. 928. 

2 F'inzi, Oiom, Chim. Ind, Ajipl., 1927, 9 , 176, 

* Pesoi, Gazzetta, 1916, 46 , i. 103. 

* Schoeller, Sohrauth, and Goldacker, Ber,, 1911, 44 , 1300J; German Patent, 248291. 
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forms only a mono-substitution product, the pro])ionic ester gives a 
mixture of mono- and di-substitution products. In the ease of the 
butyric and isovaleric esters, only di-substituted products of the type 
C 6 H 3 .(Hg. 0 Ac) 2 .NH.CHR.C 02 Et are obtained. 

2-AcetoxymercuriphenyIglycine ethyl ester, 

0Ac.Hg.CeH4.NH.CIl2.C02Et. 

Ten grams of the pure phenylglycine ester in ,50 c..c. of methyl alcohol 
are treated with a solution of 20 grams of mercuric acetate in ,50 c.c. of 
water, the mixture being stirred during the addition. A further quantity 
of methyl alcohol is added, and in fifteen minutes pale yellow crystals 
commence to separate. After twenty-four hours tliese are filtered off 
and waslied with water, the yield of crude product being 20 grams, 
82 per cent. It is recrystallised from chloroform, small tabular crystals 
being obtained. These soften at 129^' C. and melt at 132^ C. When 
bromine or iodine in their respective alkali halides are added to the ester, 
the acetoxymercuri group is replaced by halogen. 

2-Chloromercuriphenylglycine ethyl ester. —The above acetate 
is treated witli sodium chloride in aqueous alcohol solution. It crystal¬ 
lises in needles or rhombic plates, sintering at 150*.5° C. and melting at 
152*5'^ C. The corrcs])onding hrornide forms rhombic plates, sintering at 
144° C., M.pt. 147-5° C. ; the iodide, lustrous leaflets, sintering at 137° to 
138° C., M.pt. 139° to 140° C. 

2-Hydroxy mercuriphenylglycine anhydride, 

yNll -dig 
CcH4< I 

^Hg.O.CO. 

This product is obtained by saponifying the acetate by 1-25 mols. of 
Normal sodium hydroxide solution, and acidifying the resulting solution 
with Normal sulphuric acid. Yield 91 per cent. It is decomposed at 
228° C. (corr.). When dissolved in the calculated quantity of Normal 
alkali it gives preci})itat('s with the salts of various metals : the copper 
salt is light green, decomposing at 193° to 197° C.; lead, iron, calcium, 
silver, mercury and platinum salts are also known. 

(2 - Chloromercuriphenyl - a - amino) propionic ethyl ester, 
ClHg,C6H4.NH.CHMc.C02Et.—Equimolccular quantities of mercuric 
acetate and the ester are allowed to react in aqueous methyl alcohol 
solution. A 68 per cent, yield of the acetate is obtained, which is con¬ 
taminated with dimercuri ester. It is soluble in organic solvents and 
precipitated as a yellow oil by light petroleum. Standing in ice for 
twelve hours does not induce solidification, so that the oil is treated 
with sodium chloride and converted to the chloro compound. This 
crystallises from 80 per cent, alcohol in microscopic needles, M.pt. 
165-5° C. Yield 80 per cent. 

(2 : 4-Diacetoxymercuri-a-amino) propionic ethyl ester.—To 
10 grams of the anilido ester in 10 c.c. of methyl alcohol, 35 grams of 
mercuric acetate in 100 c.c. of water and 80 c.c. of methyl alcohol are 
gradually added with constant stirring. The reaction is complete in an 
hour. The product is left overnight in ice, then filtered and washed with 
cold water. Yield 30 grams, 80 per cent. It is soluble in the usual 
solvents, and completely soluble in 10 per cent, acetic acid without split¬ 
ting off the mercury. The above product contains a crystalline and an 
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amorphous form of the diacetate, the former being soluble in hot methyl 
alcohol containing acetic acid, and both give the same substance when 
treated with alkali halides. 

(2 :4-Dichloromercuriphenyl-a-amino) propionic ethyl ester 

is prepared from the above compound by the addition of aqueous sodium 
chloride. It crystallises from ethyl acetate—^ligroin in small needles, 
sintering at 128° C. and melting at 131° C. (corr.). The corresponding 
dibroniicle forms needles, M.pt. 128-5° C. (corr.). 

(2 :4-Dihydroxymercuriphenyl-a-amino) propionic anhydride. 


/NH- 


-CHMe 


HOI-Ig.CeHs/ I 

\Hg—O—CO. 

This is obtained l)y hydrolysis of the diacetate, using aqueous sodium 
hydroxide. It readily absorbs water and decomposes at 223° C. (corr.). 

(2 :4-Diacetoxymercuriphenyl-a-amino) butyric ethyl ester, 
(IIg.0Ac)2C«H3.NH.CHKt.C02Et.—This is prepared in the usual 
manner, with 82*3 per cent, yield. It crystallises in stout rods, sintering 
at 150° C. and melting at 154-5° C. (corr.). It is readily soluble in 
alcohols or chloroform, but only slightly in other solvents. With sodium 
chloride it yields the dichloro compound, slender needles, M.pt. 127° C. 
(corr.), and the corresponding dibromo derivative forms needles, sintering 
lit 125° C., M.pt. 127° C. (corr.); the di-iodide forms needles, M.pt. 120° C. 
(corr.). 

(2 :4-Dihydroxymercuriphenyl-a-amino) butyric anhydride, 


/NH-CHEt 

HOHg.CeH3< I 

MIg—O—CO 


is obtained in 90 to 92 per cent, yield by saponification of the diacctoxy 
ester with 3-25 mols. of Normal sodium hydroxide. It becomes 
yellowish-brown at 200° C. and decomposes at 209° C. (corr.). It 
readily takes up moisture on exposure to the air and the following 
scdieme may represent the change :— 



CHaCHjsv * 

>CH.COOH-|-H 

C,H3.NH/ 


3 O — 


CH,cn 


“^CH.COOII 


HOHgv 

>C6H3.NH 

HOHg/ 


(2:4- Diacetoxymercuriphenyl-a-amino) iso valerianic ethyl 
ester. —The reaction is complete in thirty minutes, an 86 per cent, yield 
being obtained. It crystallises in stellar aggregates of needles, M.pt. 
126° ('. (corr.). The dichloro compound forms microscopic rods, M.pt. 
122 ° C. (corr.), and the dibromide occurs in txvo forms: (a) a granular, 
sandy, amorphous modification, decomposing at 215° C. and insoluble in 
ethyl acetate; (b) a soluble form, white needles, M.pt. 135° C. (corr.); 
the di-iodide crystallises in yellow needles, M.pt. 129° C. (corr.). The 
anhydride is obtained in 90 per cent, yield, decomposes at 226° C. (corr.), 
and readily takes up moisture on exposure to the atmosphere. 


Derivatives of Tolylolycine Esters. 

Acetoxymercuri-o-tolylglycine ethyl ester, AcO.Hg.CJIjMe. 
^IH.CHg.COgEt.—^The ester and mercuric acetate in methyl alcohol 
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give a 77 per cent, yield of this compound. It is soluble in methyl or 
ethyl alcohol, ethyl acetate, chloroform, acetone, ammonium hydroxide, 
or dilute acids; insoluble in light petroleum. It melts at 1*25-5^ C. 
(eorr.). 

Hydroxymercuri-o-tolylglycine anhydride, 


Me.CfiH 


^Nii-CII2 

“Njs—o— io 


is obtained in 93 per cent, yield by saponification of the above acetate. 
It is insoluble in water or organic solvents, but easily soluble in alkali. 

Diacetoxymercuri-o-tolylglycine ethyl ester is prepared in the 
usual manner, using 2 mols. of mercuric acetate. It forms slender 
needles, M.pt. IGT'^ C. (eorr.), dilticultly soluble in alcohol, b\it r(‘adily 
in ammonium hydroxide. It is saj)onified by liot alkali. 

Acetoxymercuri-m-tolylglycine ethyl ester, M.pt. 127-5^ C. 
(eorr.), yields a yellow anhydride on sajKmiiication. 

Triacetoxymercuri-m-tolylglycine ethyl ester is formed in 20 
])er cent, yield when 3 mols. of mercuric acetate are used. It melts 
at 185° C. (eorr.), is readily soluble in amnmi\ium hydroxide, with 
difficulty in alcohol, and insoluble in the usual solvents. 

Acetoxymercuri-p-tolylglycine ethyl ester, M.pt. 140° C. (eorr.), 
yields an amorphous anhydride on saponification. 


Derivatives of Toluidtnes and Tolitidides.^ 

The mcreuration of’ o-toluidine in methyl alcohol solution gi\T‘s rise 
to a mono and a dimereurated compound, the latter forming 85 per cent, 
of the product; When 50 per cent, ethyl alcohol is used as the solvent 
the main yield is the monomercuri derivative.If the reaction be carried 
out in aqueous solution, only a dimereurated product is obtained, which 
is isomeric with the one isolated from methyl alcohol solution.® 

5-Acetoxymercuri-o-toluidine. —A solution of o-toluidine (3 
mols.) in ethyl alcohol is rapidly added to a 50 per cent, alcoholic solu¬ 
tion of mercuric acetate (1 mol.). The product is recrystallised first 
from 50 per cent, alcohol, then from absolute alcohol, any dimercuri 
compound being insoluble in the latter solvent. It is soluble in hot 
water or alcohol, less so in ethyl acetate, and melts at 144° to 145° C. 

When treated with sodium chloride solution the 5-chloromercuri 
compound is obtained. It crystallises from absolute alcohol in needles, 
M.pt. 178° C. Its diacetyl derivative forms colourless leaflets, M.pt. 
170° C. 

Diacetoxymercuri-o-toluidine. —(a) From methyl alcohol solu¬ 
tion. 

A solution of 37 grams of mercuric acetate in 100 c.c. of methyl 
alcohol is stirred into 10 grams of o-toluidine in 50 c.c. of methyl alcohol, 
and in a few minutes no mercury ions can be detected in the solution. 
.4fter several hours the crystallisation of the diacetoxy compound 
commences. The small microscopic needles are allowed to stand in ice 
for forty-eight hours, then filtered, washed with alcohol, and dried at 

' Sohrauth, Schoeller, and Rother, Ret*,, 1912, 45 , 2808. 

* Jacobs and Heidell^rger, J, Biol. Chem., 1916, 20 , 513. 

“ Veochiotti, Oazzetta, 1926, 56 , 165. See Rossi and Bocclii, QazzeUa, 1925, 55 , 93. 

VOL. XI. ; I. 9 
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100^ C. Yield 21 grams, 73 per cent. It crystallises from methyl 
alcohol in microscopic needles, M.pt. 228^ C. with decomposition, is 
insoluble in most organic solvents, slightly soluble in methyl alcohol, but 
readily soluble in acids, ammonium hydroxide, amines, ethylenediamine, 
or pyridine. 

(b) From aqueous solution. 

When cquimolecular quantities of mercuric acetate and o-toluidine 
react in aqueous solution, the resulting diacetatc melts at 208° C. The 
position of the acetoxy mercuri groups has not been determined, but 
they are apparently not 3: 5 or 4:6. 

Dihydroxy mercuri-o-toluidine. —The diaeetate (M.pt. 228° C.) 
in 30 parts of water at 80° to 90° C. is treated with an excess of sodium 
hydroxide, and on cooling the dihydroxymercuri compound separates in 
long, colourless needles. These when heated at 100° C. lose water, giving 
an infusible canary-yellow substance which blackens when heated and 
probably has the constitution : 

.NH 

HOHg.CeH2.Me< | 

^Hg 

The hydroxide obtained from the diacetate (M.pt. 208° C.) melts at 235° C. 
The acetate (M.pt. 228° C.) when treated in the usual manner yields a 
chloride^ bromide^ iodide, and hydroxide; the acetate (M.pt. 208° C.) 
gives the following derivatives: chloride, decomposes at 221° C.; bromide, 
decomposes at 232° C.; acetotoluidide, sinters at 214° C., M.pt. 219° C.; 
hydroxide, M.pt. 235° C. 

Acetoxy mercuri - aceto - o-toluidide. —Ten grams of o-aeeto- 
ioluididc in 250 c.c. of hot water are treated with 20 grams of mercuric 
acetate and the mixture boiled for forty minutes, then filtered whilst hot. 
It is then cooled in ice for twenty-four hours, the solution yielding 7 grams 
of needles, 28 per cent, yield. After recrystallisation from 80 per cent, 
alcohol, the needles melt at 233° C. (corr.). With iodine it gives 5-iodo- 
aceto-o-toluidide. Treatment with sodium chloride solution yields the 
chloromercuri-aceto-o-tolUidide, M.pt. 167° C., which may also be obtained 
by acetylation of the chloromcrcuri-o-toluidine. 

Diacetoxymercuri-aceto-o-toluidide. —Diacetoxymercuri-o-tolu- 
idine is dissolved in ethyl acetate and acetylated by means of acetic 
anhydride. The product melts at 240° C., and by double decomposition 
the following are obtained : chloride; bromide, microscopic needles ; iodide, 
precipitated in flocks, which gradually change to a crystalline modifica¬ 
tion on standing. The acetate with iodine gives long, silky needles, 
M.pt. 222*5° C. (corr.), which contain no mercur)^ 

6-Acetoxymercuri-m-toluidine crystallises in small needles, M.pt. 
176° C., and 2: 5-diacetoxymercuri-m-toluidine forms white needles, 
M.pt, 170° C., these yielding an hydroxide, decomposing at 200° C.; a 
chloride, decomposing at 239° to 240° C.; a bromide, decomposing at 
150° C. 

Diacetoxymercuri-m-toluidine (1 : 3 : 4 ; 6) ^ crystallises in white 
plates, M.pt. 191° C.; the hydroxide is not very stable; the chloride and 
bromide crystallise in plates, melting at 195° C. and 210° C. respectively. 

Triacetoxymercuri-m-toluidine. —Three grams of m-toluidine 
and 27 grams of mercuric acetate in 85 c.c. of methyl alcohol gave 

^ Vecohiotti, Ga^szetta, 1924, 54 , 411. 
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28 grams of crystals after two days’ standing. Yield 95-3 per cent. It 
forms bright yellow microscopic crystals, insoluble in the usual organic 
solvents, but soluble in ammonium hydroxide. 

Acetoxymercuri-aceto-m-toluidide may be obtained from an 
aqueous solution of mercuric acetate and the toluidide by heating for 
one hour. Yield 20 per cent. It gives crystals from 30 per cent, 
alcohol, M.pt. 99® C. 

If the above diacetoxy eompound is acetylated, diacetoxymercuri- 
aceto-m-toluidide is formed. It is insoluble in organic solvents, slightly 
soluble in hot water, and easily soluble in ammonium hydroxide. 
With iodine 4:6-di-iodoaceto-m-toluidide is obtained. In a similar 
manner the triacetoxymercuri compound yields a toluidide, as a heavy 
insoluble powder. 

Diacetoxymercuri-aceto-m-toluidide, prepared from the 1:3: 
4 : 6 compound, forms tufts of needles, M.})t. 250® C., and may be 
converted to 4: 6-dibromo-aceto-m*toluididc; Q^acetoxymercuri-acetu-m- 
ioluidide melts at 192® C. and yields 6-bromoaceto-m-toluidide; 2:5- 
diacetoxymercuri-aceto-m-toluidide forms silky, white needles, M.pt. 183® 
tol84°t. 

Acetoxyniercuri-p-toluidine.^'-“The reaction is carried out in 
50 per cent, alcohol, and occupies two days. The product is purified by 
dissolving it in a mixture of ammonium acetate and hydroxide and 
adding acetic acid. It melts at 184® C., is insoluble in water, slightly 
soluble in alcohol, ether, or benzene. 

With calcium chloride in alcoholic solution it gives the chloride, 
prismatic crystals, M.pt. 170® C., insoluble in water, only slightly 
soluble in alcohol.^ The hydroxide crystallises from a solution of the 
sicetate in concentrated potassium hydroxide in yellowish plates, M.])t. 
212 ° to 213® C. It is insoluble in the usual solvents. 

Mercuri-bis-p-toluidineis obtained from the preceding hydroxide, 
by the action of concentrated sodium thiosulphate. It crystallises in 
])lates, M.pt. 156® C. 

Condensation with Dinitrophenylpyridiniuni chloride? —The pyridine 
eompound (1 mol.) in methyl alcohol is added to the mercurated tolu- 
idine (1 mol.) in pyridine solution. A deep red coloration takes place 
on mixing and the whole is boiled for about thirty minutes. Then 
a slight excess of dilute hydrochloric acid is added to remove the 
pyridine, and the precipitate washed with boiling acetone to remove any 
dinitraniline. The pure substance is a brown powder, M.pt. 133® C., 
soluble in chloroform. Formula; 




Hydroxymercuri-aceto-p-toluidide anhydride is obtained from 

’ Vecchiotti, QazztUa, 1921, 51 , ii. 20S; Pesci, Qazzetta, 1898, 28 , ii, 445 ; Chem. Zentr. 
1898, ii. 546; Zeit, anorg, Chem,, 1898, 17 , 276. 

See Klein, Per., 1878,»1I, 743. 

> Heitzenstein and Stamm, J, prakt Chem,, 1910, [ 2 ], 81 , 150. 
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the toluidide and mercuric acetate in aqueous solution. It crystallises 
in leaflets, M.pt. 229° C. (corr.). Formula : 

r I 

iTg.CeH3MeN.c0Mc. 

Acetoxymercuri dimethyl-p-toluidine ^ crystallises from boiling 
benzene in colourless, slender, glistening needles, M.pt. 181-5° C., in¬ 
soluble in water, more soluble in methyl than ethyl alcohol. 

The following compounds are obtained from the acetate in the usual 
manner:— 

Chloride^ very fine needles, M.pt. 159° to 159*5° C., soluble in benzene, 
insoluble in water. Bromide, colourless, glistening needles, M.pt. 149^^ to 
150° Iodide, needles, M.pt. 120° C. Nitrate, using alcoholic calcium 
nitrate, colourless needles, M.pt. l.‘ll“ C., soluble in alcohol or benzene. 
Uydroride, obtained by allowing ac(‘tate to stand with concentrated 
j)Otassium hydroxide for twenty-four hours; colourless needles, M.|)t. 
117° C., fairly soluble in liot water, slightly soluble' in benzene or methyl 
alcoliol. 

Mercuri-bis-(dimethyl-p-toluidine) is obtained when the above 
hydrate is treated with concentrated sodium thiosulphate, and when 
bromo-dimethyl-p-toluidine is heated with 1 -5 per cent, sodium amalgam 
for forty-eight hours at 120° to 125° C., a little ethyl acc^tah' being used 
as catalyst. It crystallises in colourless, glistening jdates. M.pt. 00° C!., 
slightly soluble in benzene. 

Derivatives of Benzidine. 

3(,^)-Acetoxymercuri-benzidine.2— This compound appears to be 
formed when l^enzidinc and mercuric acetate react in glacial acetic a(*id. 
It is a brown product, decom])osing at 138° to 140° C., and forming a 
hydrochloride, M.})t. 239° to 240° C. Diacetyl benzidine and mercuric 
acetate when heated at 120° to 160° C. give a crystalline compound, 
which seems to be of indefinite comj)osition. 

Derivatives of the Napitthylamines and their Sulpiionk^ Acids.® 

2 :4-Diacetoxymercuri-a-naphthylamine, 

NH, 

|/\|^,Hg.0Ac 

I I I 

^.OAc 

a-Naphthylamine (4 2 grams) is dissolved in a mixture of 20 c.c. of 
alcohol and 20 c.c. of acetic acid, then 50 c.c. of boiling water are added. 
To this hot solution, a hot solution of 10 grams of mercuric acetate in 
50 c.c. of water is added. An intense yellow precipitate is formed; this 
gradually becomes white and crystalline, and is filtered off. Yield 9*5 
grams. The substance is coloured faint yellow by sodium hydroxide, 
but does not react with ammonium sulphide even on long standing. It 

^ Pesci, Gazzetta, 1898, 28 , ii. 445. 

* Bernard! and Tartarini, Gazzetta, 1927, 57 , ^3. 

® Brieger and Schulemann, J, prakt, Chem., 1914, 89 , 140. 
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is very stable towards Imlogeii salts. No nionoinercuri derivative is 
isolated. 

Tetra - acetoxymercuri - a - acetonaphthalide, NHAc. CioU3(Hk. 
OAc),i/frotYi a-acetonaphthalide and 4 niols. of mercuric acetate, dccom- 
j)oses at 220° C., and forms aqueous solutions which froth when shaken, 
are highly viscous, and coaj?ulatc when heated. 

1 - Acetoxymercuri - jS - naphthylamine. — j8-Naphthylamine (1 *4 
^^ranis) and 3-2 grams of mercuric acetate* in 25 c.e. of dilute acetic acid 
yield colourless crystals. These become intense yellow without dissolv¬ 
ing when treated with concentrated sodium hydroxide, and ammonium 
sulphide readily reacts with the acetate. 

Mercuriphenyl -)3 -naphthylamine, 


/CcH, V 

Hg< >NH.2EtOH 
TT / 


is formed by treating phcnyl-j8-naphthylamine with dilute alcoholic 
mereurie a(^ctate containing a little acetic acid. It melts at 173° C. ^ and 
crystallises with 2 mols. of alcohol. 

iS -Naphthylamine -6 -sulphonic acid Derivatives.^ —The sodium 
salt of this acid in aqueous solution reacts with aqueous mercuric acetate 
if the compounds are allowed to stand for a long time. A white product 
is obtained, which gives mercuric oxide when treated with sodium 
hydroxide. If the reaction mixture is boiled for five to ten minutes, a 
white body is again obtained, but this does not react with sodium 
hydroxide. It is insoluble in all solvents. To these two bodies the 
following formula' have been assigned :— 


Hi; 


I I I 
o J I I 


NHa 


I I 

v»V\/' 


Sodiimi naj)hlhyhimin(? sulphonate (5-6 grams) is dissolved in J25 c.c. 
of boiling waten-, and a solution of C-4 grams of mercuric acetate in 25 
c.c. of water is poured in. The mixture is boiled for a few minutes, then 
sodium hydroxide is added dropwise until complete solution is obtained. 
The whole is then quickly cooled to 70° C'. and 150 c.c. of alcohol 
added, a yellow body being precipitated. The whole is cooled quickly, 
shaken, and filtered, the residue washed with 50 per cent, alcohol, 
absolute alcohol, and finally with ether. A pale yellow powder is 
obtained which corresponds to the formula : 

Hg-. 

A pure white product is obtained from this by the action of an excess 
of sodium hydroxide. This product is soluble in water, aqueous alcohol, 
and dilute alkali. It does not react in aqueous solution with ammonium 

^ Roasi and Bt)ochi, Oazzatta, 1926, 56 , 817. 

* Rossi and Cecchetti, (rozzetta^ 1925, 55 , 869. 

“ Brieger and Bchulemaun, loc. ciU 
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sulphide, but with acetic acid a white precipitate is thrown out. This 
latter reacts with ammonium sulphide, and contains 1 mol. of water 
which cannot be removed by drying over phosphorus pentoxide, hence 
formula I. has been assigned to it, although analysis points to II. Thus: 


! I f 


J I i 


HgOH OH 

^ N~H 




/\/N 


HgOH 


NaOoS' 






I. 


II. 


These mercurated naphthylamine sulphonic acids react immediately 
with halogen halides, the mercury being freed, and in the case of 
potassium iodide solution mercuric iodide separates. 

Monomethylaminonaphthalene- and j3-dimethylaminona})htllalene- 
6 -sulphonic acids only reduce mercuric acetate to menmrous salt or 
metallic mercury. 

Naphthionic acid Derivatives.—By the interaction of the sodium 
salt of this acid and mercuric acetate in the cold, a. white, finely divided 
precipitate is obtained. When this is boiled it becomes soluble in 
sodium acetate and acetic acid. It crystallises from the latter as a 
colourless body, which is only slightly affected by sodium hydroxide, 
and only slowly attacked by ammonium sulphide. The following 
formula has been ascribed to it;—^ 


/H 

h—n~h 




A 


OAo 

iHg 


SO 3 


From a solution of 6-4 grams of sodium naphthionate and 6*4 grams 
of mercuric acetate in 150 c.c. of water, treated with a large excess of 
sodium hydroxide, a colourless product is obtained. This does not react 
with ammonium sulphide, and towards halogen salts it reacts similarly 
to hydroxymercuri - j3 - naphthylamine - 6 - sulphonic acid (sodium salt). 
When dried over phosphorus pentoxide the body becomes canary yellow, 
and on addition of water becomes white again. It has been formulated 
as the sodium salt of 2-hydroxym>ermri-naphthionic acid, 

NHg 

A\|A\|HgOH 

SO.Na 

Using an excess of mercuric acetate does not produce dimercurated 
derivatives, the yellow solution becoming yellow-red on addition of 
alkali, but the colour is less intense than in the case of j3-naphthylamine 
sulphonic acid. 

1:5-Naphthylamine sulphonic acid Derivatives. —^The free acid 
(2*4 grams) is dissolved in 25 c.c of water containing a little sodium 

^ Whitmore, Organic Compounds of Mercury, Ohemioal Catalog. Co,, prefers to consider 
»the compound to be 2-aoetoxymerouri-naphthionio acid. 
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liydroxidc, then dilute acetic acid is added until the solution is just acid. 
A solution of 6*4 grams of mercuric acetate in 25 c.c. of water is poured 
in, and a fine canary-yellow precipitate is deposited. This is soluble 
in acetic acid, and becomes deep yellow when treated with sodium 
hydroxide, but excess of hydroxide yields no precipitate, but tends to 
decompose the substance, mercurous oxide separating out. The yellow 
product does not react with ammonium sulphide. The body is very re¬ 
active with halogen salts, the addition of sodium chloride to its solution, 
followed by ammonium sulphide, causes blackening at once. With 
potassium iodide the reaction is quantitative, and with potassium 
bromide nearly so. The substance is represented by the structure : 


|/\|/\|HgOAc 




CHAPTER VllJ. 


MERCURY {continued). 

Derivatives oe Aromatic Compounds containing Hydroxyl 

Groups. 

Most of tlic moiioJiyclric jihctiols and their substitution jiroducts react 
with increuri(r acetate under suitable conditions to give acetoxymercuri 
compounds. When plienol is treated with aji aipieous solution oi* 
mercuric acetate at room temperature, three products are formed: 


OH 

OH 

OH 



/\KgOAo 

1 1 
\/ 

1 1 
\/ 

1 1 


HgOAc 

HgOAc 

1 . 

11 . 

HI. 


If, however, the reaction is carried out at 100'' C., and no solvent used, only 
I. and II. arc formed. 

The methyl and ethyl ethers of jdienol are more dillicult to mereurate 
than ]^henol itself, and although ortho- and para-substituted mono- 
mcrcurated products can be made, no dimercurated derivatives are yet 
known. 

The nitro})henols differ from all other ])hcuols, in that they arc caj)- 
able of forming anhydrides instead of acetoxymercuri derivatives wlien 
treated with mercuric acetate. When, for example, the sodium salt of 
o-nitrophcnol is shaken with aqueous mercuric acetate, it yields com- 
]30und I.; but if the nitrophenol is dissolved in warm water containing 
a little sodium hydroxide, and the mercuric acetate solution added drop- 
wise, compound II. is jiroduced. 


11 

OH 

A-™ 

f'r 

1 i 


Hg -~0 

HgOAc 

T. 

H. 


C!ompound I. gives the corresponding chloride and hydroxide when 
treated with hydrochloric acid and sodium hydroxide respectively, but 
bromine, or iodine in potassium iodide solution, replace the mercury by 
halogen. j)-Nitrophenol is more difficult to mereurate than the ortho 
compound, and the reagents have to be boiled for a long period. 

4; 6-Dinitrophenol is mercurated by boiling for sixteen hours with 
* 136 
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mercuric oxide in aqueous solution, but picric acid yields a product when 
shaken with aqueous mercuric oxide for several hours at 80° C. 

Dimethylaminophenol readily reacts with mercuric acetate in alcoholic; 
solution, the operation going to completion in two minutes at 100° C., 
but the compound formed slowly decomposes when kept. If, however, 
no solvent is used, no organic mercury derivative is formed. A rather 
unstable body containing two benzene nuclei connected by a mercury 
bridge is formed from m-hydroxyphenyltrimethylammonium acetate, 
but its aqueous solution decomposes in a week. 

In the same way that the phenolic ethers are more diflicult to mercur- 
atc than the phenols themselves, so cresol methyl ether is less readily 
attacked by mercuric acetate than cresol, and requires five days’ heating 
at 50° C. to complete the reaction, a diacetoxymereuri compound only 
being produced. 

Thymol and earvaerol yield mono or dimercurated j^roduets accord¬ 
ing to the number of molecules of mercuric acetate used in the reaction. 

Safrol, (‘Ugenol methyl ether, ajiiol and isoapiol jdeld a mixture of 
two isomeric acetates, one of which is crystalline, the other syrupy. 

Other methods have also been used for producing mercurated anisoles 
and ])henetoles of the type RHgX. (1) The type mercury 

diaiiisyl, is treated with an alcoholic solution of mereiiric chloride. (2) 
The mereurie chloride addition products of the triarylstibines, RgSb. 
IlgCl^^ are boiled in alcoholic solution. 

The R 2 Hg compounds of the phenols are prepared by the usual 
methods, mercuri-bis-o-phenol being formed by the action of sodium 
thiosulphate on o-ehloromercuri phenol, whilst the anisyl and phenetyl 
compounds are formed (‘ither by treating o-bromoanisole or phenetole 
with 1-5 ]X'r cent, sodium amalgam or by the action ot alcoholic 
]X)tassium iodide on o-iodoniercuri anisole or phenetole. 

The following evidence has been eolleeted to show the behaviour of 
mercurated phenols towards acids, bases, and salts:— 

o-Chloromereuri ])henol in sodium hydroxide solution, when treated 
witJi sodium nitrite at —4° to —5° C., and the mixture acidified with 
concentrated sulphuric acid, yields j)-nitrosochloromer(;uriphenol; the 
latter when heated with a mixture of ammonium chloride, acetate, and 
carbonate for thirty minutes at 100° C. is transformed into p-nitroso-o- 
ehloromercuri aniline. 

})-Chloromercuri phenol is decomposed when boiled with hydro¬ 
chloric acid, giving mercuric chloride and phenol, but with ethereal 
iodine solution, mercuric iodide and p-iodo])henol result. 

Chloromercuri anisole and phenetole yield oxides when treated with 
aqu(;ous sodium carbonate solution, e,g, 0 (IIgCeN 40 Me) 2 . 

4-Acetoxymercuri-m-dimethylaminophenyl acetate is immediately 
decomposed by ammonium sulphide. 

Acetoxymercuri-p-cresol does not yield the corresponding iodide 
when treated with potassium iodide, but the mercury is eliminated as 
mercuric iodide. Chloromercuri-p-cresol in alcoholic solution gives the 
anhydride of hydroxymcrcuri-p-cresol. when a boiling sodium carbonate 
solution is added. The diacetoxymereuri derivative of p-cresol methyl 
ether is stable towards ammonium hydroxide or sulphide, but gives the 
chloride on the addition of aqueous sodium chloride. 

The crystalline chloromercuri com})ound obtained from safrol is stable 
towards ammonium sulphide or ammonium and sodium hydroxides, 
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but decomposed when boiled with dilute hydrochloric acid. The corre¬ 
sponding iodomercuri derivative, however, is decomposed by hydrogen 
sulphide. Similar reactions have been noted with the cr^^stalline chloride 
of eugenol methyl ether. 

Chloromercuri resorcinol is readily dcconi[)osed by sodium hydroxide 
and immediately by ammonium sulphide, and the dichloromercuri 
resorcinol is even less stable to sodium hydroxide. Diacetoxymercuri 
resorcinol dimethyl ether does not give mercuric sulphide with ammonium 
sulphide, but only a yellow precipitate. 

The stability of the mercurated a-na})hthols towards alkali halides 
decreases from the chlorides to the iodides, potassium iodide eliminating 
the mercury as mereurie iodide. Diacetoxymercuri-a-naphthol is stable 
to ammonium sulphide. 2-Acetoxymcrcuri-l: 4-naphthol monosulphonic 
acid is very stable towards ammonium sulphide, but wlien warmed 
with sodium chloride in acetic acid solution, mercury is split out, and 
l-acetoxynicrcuri-2: G-naplithol sulphonic acid has similar properties. 
l-Aeetoxymercuri-j3-naphthol is not blackened by cold ammonium 
sulphide, but gives mercuric sulphide on heating. 

The following table shows the positions taken up by mercury on 
(‘iitering the benzene nucleus. All rings are numbered from the top 
(position 1) in a clockwise direction, irrespective of the group occupying 
that position. This method of numbering applies only to the table and 
not to the text. 




Oi 0 

OH OH 
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NO 2 
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OH 
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Cl 
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^OMeMono 
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SOaNa 


*R*tert-butyl op isoamyl. **These compounds^ve two series oTisomeric salts. 
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Derivatives of Phenol. 


o-Chloromercuri phenol, HO.CeH 4 .HgCL^—When an aqueous 
solution of mercuric acetate and phenol reacts at room temi^eraturc or 
by heating on the water-bath, three mercury comi:)ounds are obtained, 
two containing acetoxymcrcuri groups in the ortho- and para-positions 
to the hydroxyl group, and the third being a diacctoxymercuri derivative. 
The following method, due to Whitmore and Middleton, produces no 
dimercurated product, owing to the fact that no solvent is used. Phenol 
(12 grams) is heated on a steam-bath, and 25 grams of mercuric acetate 
gradually added, the mixture being well stirred. When the solution of 
the acetate is complete, boiling water is added, and the whole boiled for 
a few minutes, after which a hot solution of 5 grams of sodium chloride 
is poured in. The p-chloromcrcuri phenol is at once precipitated and 
filtered off, the filtrate on cooling depositing crystals of the ortho 
com})ound. This product can be further purified by crystallisation 
from hot water, when glittering crystals, M.pt. 152*5° C., arc deposited. 
It forms an acetyl derivative, M.pt. 170° to 171° C., which does not react 
with ])otassium iodide, but if heated with eonec^ntrated hydrochloric 
acid and hydrogen sulphide, mercuric sulphide is formed. The acetyl 
compound is reduced to rnercuri-hiS’O-phenol diacetate when acted upon 
by sodium thiosulphate, a yield of 80 per cent, being obtained. 

When o-chloromercuri phenol in sodium hydroxide solution is 
treated with sodium nitrite, the mixture cooled to —4<° to —5° C., and 
acidified with concentrated sulphuric acid, p-iiitroso-o’chloromercuriphenol 
is formed, HO.CeIl3.NO(4)IIgCl(2). This substance crystallises from 
xylene or anisole in light brown needles, which respond to Licbermaim’s 
nitroso reaction and partially dissolve in ether, giving an intense green 
solution. Two grams of the nitroso compound, 2*4 grams of ammonium 
chloride, G -6 grams of dry ammonium acetate, and 0-2 gram of ammon¬ 
ium carbonate when heated on the water-bath for thirty minutes with 
vigorous stirring yield p-nitroso-o-chloromercuri aniline, Nll 2 .C 6 H 3 .NO 
{4).HgCl(2). The melt is poured into 75 c.c. of cold water and allowed 
to stand thirty minutes, when a brown amorphous ]>recipitate settles out. 
This is filtered, well washed, dried, and crystallised from anisole. Its 
solutions in benzene and ether are green, in alcohol reddish-yellow. 

When 2*43 grams of o-chloromercuri j)henol in a freezing mixture are 
treated with the diazotised solution from 7 grams of rn-arnino-leuco- 
rnalachitc green in 50 c.c. of water and 0 grams of hydrochloric acid 
(density 1-18) a dark green precipitate is obtained, which is brown- 
black when dry. It is tetramethyldiaminotriphenyhnethane-azo-o-chloro- 
mercari phenol and has the following constitution :—® 


,/Vw- OH 




/\ 






.l-N=N- 


^ Bimroth, Ber., 1902, 35, 2863 ; AVhitmor© and Middleton, J. Amer. Ghenu Soc., 1921, 


43» 619. 

‘ Reitzeusteiu and 


Bonitsoh, J, prakt, Chem,, 1912, [2], 86, 73. 
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o-Acetoxymercuri phenol. ^—This product is obtained by a 
similar method to Whitmore and Middleton’s o-chloromcTcuri phenol, 
i,e, using no solvent in the reaction. The com])Ound crystallises in long 
needles or white, hexagonal, or rhombic prisms, M.pt. 157° C., decompos¬ 
ing at 210° to 215° C. In the usual way the following derivatives may 
be prepared: hydroxide ; interruil oxide; bromide, slender, silky 
needles, M.pt. 130° to 132° C., the liquid becoming turbid at 190° C. and 
decomposing at 195° C. ; iodide, stellar aggregates of microscopic 
prisms, M.pt. 121° (>., the clear red liquid becoming turbid at 170° to 
180° C., and decomposing at 200° to 210° C.; nitrate, infusible compound, 
blackening about 200° C.; the sulphate and hydroxide arc white, infusible 
powders. 

p-Acetoxymercuri phenol crystallises in slender needles or 
triangular prisms, M.pt. 165° C., decomposing at 210° to 215° C.; 
ihe bromide forms scales, M.pt. 144° to 146° C., decomposing at 
200° to 210° C.; the iodide, a white powder, M.pt. 131° to 135° 
C., decom})osing at 200° to 210° C.; the nitrate, wdiite crystals, de¬ 
composing at 210° C. ; the snlphate and hydroxide are white, infusible 
compounds. 

Diacetoxymercuri phenol.^ —Phenol in (oncentrated acjueous 
solution is treated with mercuric acetate, when a white precipitate 
separates out, the reaction being accelerated if heat is apjdicd. This 
product crystallises from dilute acetic acid in needles, M.])t. 216° to 
217° C. The mother-liquor from this preparation contains o- and 
p-aeetoxymercuri phenols. Treatment of the diacetoxy compound with 
sodium chloride gives the dichloromer'mri phenol, a white powder, M.pt. 
258° C. with decomposition.^ 

p-Chloromercuri phenol.^ —The preparation ot this mercury 
compound has already been dealt with above. It crystallises from 
acetone or alcohol in needles, M.pt. 219° to 220° C. or 224° to 225° G., 
both figures being given in the literature. Tlu^ sodium hydroxide 
solution when treated with alcohol yields the sodium salt, whi(4i on 
boiling with alcoholic methyl iodide yields p-anisy[mercuric chloride. 
Boiling with hydrochloric acid gives mercuric chloride and phenol, and 
etlicreal iodine solution gives mercuric iodide and p-iodophenol. The 
acetyl derivative melts at 235° C., and with sodium thiosulphate a 50 per 
cent, yield of mercuri-bis-p-phenol diacetate results. 

Mercuri-bis-o-phenol, H0.C6H4.IIg.C(jH4.011.—o-Chloromercuri 
phenol dissolves in sodium thiosulphate solution, giving a clear solution 
which rapidly becomes cloudy, a white precipitate eventually sej>arating 
out. In small quantities it may be recrystallised from alcohol, if the 
operation be conducted rapidly, small, white, glistening tablets being 
obtained. It is easily soluble in ethyl acetate or acetone, insoluble in 
water, benzene, ether, or chloroform. When heated alone its colour 
changes to gray without melting, but the alcoholic solution when rapidly 
boiled soon decomposes, metallic mercury separating out. It has the 
characteristic properties of a phenol, being soluble in caustic alkali, 

^ Mamoli, Gazzetta, 1922, 52 , i. 352. 

2 Dimroth, Ber., 1898, 31 , 2154 ; 1902, 35 , 2853. 

2 Sec Mameli and Cocooni, Gazzetta, 1922, $ 2 , ii. 11 , 3 . 

* Desesquelk, Bull. Boc. chim., 1894, (3), li, 268; Dimroth, Ber., 1898, 31 , 2155; 
1899, 32 , 761; Cirutziier, Arch. Pkarm., 1899, 236 , 622 ; Whitmore and Middleton, J. Amer. 
Ohem. Soc., 1921, 43 , 619. 
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insoluble in sodium earbonato, and is precajutated unchanged from its 
alkaline solutions by carbon dioxideJ 


Dkkivatives of Anisolk.2 

Mercuri-bis-o-anisole. The best method of obtaining this com¬ 
pound is that due to Whitmore and Middleton, which consists of heating 
o-iodomcrcuri anisole with alcoholic ]x)tassium iodide solution in a 
reflux apparatus. It also occurs as a by-product in the ]>reparation cd’ 
o-iodomercurianisolc, from which compound it may also be derived by 
tli^ action of sodium stannite solution. 

The usual method for preparation of compounds of the ty]^e 
also available, namely, heating together o-bromoanisole and 1*5 ])er 
c(‘nt. sodium amalgam. 

It (irystallises Jrom hot alcohol in ])risms. M.pt. 108'' C., soluble in 
chloroform and benzene. When treated with mercuric chloride in 
alcoholic solution it yields the chloride, and when dissolved in hot acetic 
acid, o-(icet0iiymercuri-ani8ole (M.pt. 123° to 124° C.) is formed, which 
may be precipitated by the addition of water. 

o-Chloromercuri anisole.— This was first obtained in small yield 
by Dimroth, when dry mercuric acetate was warmed with excess of 
anisole. After removal of the p-acetoxymereuri anisole, the mother- 
liquors are treated with sodium chloride, and the mixture steam distilled, 
the excess of anisole passing over; the ])roduct is recrystallised from 
benzene, and has M.jit. 173° to 174° C. It crystallises from alcohol in 
needles and from chloroform in plates. When obtained by heating 
mercuri-bis-o-anisolc (1 gram) with 0-7 gram of mercuric chloride in 
25 c.c. of alcohol for fifteen minutes, the crystals melt at 177° to 178° C. 
The corresponding bromide melts at 183° C. 

o-Iodomercuri anisole is best prepared by gently heating an 
alcoholic alkaline solution of o-chloromercuri phenol with methyl iodide ; 
it is also formed when the chloride is treated with potassium iodide 
solution. It crystallises in colourless needles, M.pt. 165° C., which 
react with alcoholic }iotassium iodide to form mercuri-bis-o-anisole. 

Mercuri-bis-p-anisole.** p-Rroinoanisole (100 grams), 80 grams 
of xylene, 1/10 the volume of ethyl acetate, and sufficient 1-5 per cent, 
amalgam to give double the quantity of sodium required in the reaction 
are heated in an oil-bath at 160° C. for twenty-four hours. The flask 
should be frequently shaken, and more ethyl acetate added at eight- 
hour intervals. The residue obtained crystallises from hot benzene 
in transparent needles, 200 grams of p-bromoanisole yielding about 
80 grams of pure product. It melts at 202° C., sublimes on strong 
heating, and is readily soluble in hot benzene or cold chloroform. Pro¬ 
longed heating with hydrochloric acid decomposes it to anisole and 
mercuric chloride. It readily reacts with phosphorus and bismuth 
chlorides, forming mercuric chloride and phosphorus or bismuth anisyl 
halides. 

^ For mercury compounds of p-chlorophcnol, see German Patent, 234851; phenol 
and crcsol sulphonic acids, German Patent, 410969; phenol-p-sulphonio tveid, Rupp 
and Herrmaim, Arch, Pharm., 1916, 254 , 500. 

2 Dimroth, Ber., 1902, 35 , 2853 ; Manchot, Annalm, 1920, 421 , 340; Whitmore and 
Middleton, J, Atmr. Okem. Soc.^ 1923, 45 , 1753; Michaelis, Ber., 1894, 27 , 257. 

» Michaelis and Rabinerson, 1890, 23 , 2342. 
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p-Chloromercuri anisole may be obtained : 

1 , By mixing alcoholic solutions of mercuric chloride and mercur}^ 
dianisyl. 

2 . boiling the alcoholic solution of the double salt of trianisyl 
stibine and mercuric chloride, (OMc.CeIl 4 ) 3 Sb.IIgCl 2 .^ 

Jh By adding sodium chloride to the product obtained wlien 1 mol. 
of anisole and 1 mol. of mercuric acetate react in aqueous solution.*^ 

It crystallises in colourless, pearly plates, M.y)t. 239° C., readily 
soluble in hot benzene or cold chloroform, but with difficulty in alcohol. 
With arsenic trichloride on heating it forms anisyl dichloroarsine.^ 

The bromide is a similar com]iound, M.pt. 187° C. ; the iodide forpis 
colourless plates, M.]>t. 227° C., and may be yirepared by the use of 
potassium iodide, or by heating p-hydroxymercuri ])henol with methyl 
iodide in alkaline alcoholic solution. 

The compound mentioned in method 3 above, obtainable from 
mercuric acetate and anisole, is stated by Manchot to possess the formula : 

(C^llgO.HgOII )()ll or C 7 ll 80 .Hg(()H )2 

It crystallises in white needles, sintering at 101° C'. and melting at 109” 
C. Another method oj‘ ])rcparation is as 1‘ollows: 7*8 grams of anisole 
(1 mol.) and 70 grams (3 mols.) of mercuric acetate in 700 c.c. of 
water are maintained at 50° C‘. and shaken for half-hour periods during 
three to four days. The protluet when crystallised from 25 per cent, 
acetic acid is obtained in line needles, M.pt. 173° C., and although its 
melting-point differs from that of the first preparation, analysis shows 
the two compounds to be identical. Th(‘ substance is unchanged when 
treated with sodium hydroxide, ammonium hydroxide, or sul})hide, but 
decomposes when warmed witli dilub? hydrochloric acid. The above 
formuhe have recently been criticised by Dimroth,^ who has shown that 
Manchot’s compound consists of a mixture of ])-acetoxymercuri anisole 
and 2 : 4-diacetoxymercuri anisole, M.pt. 197° C. 

p-Acetoxymercuri anisole, Me().CcH 4 .HgOAc.—Dry mercuric 
acetate and excc^ss of anisole (8 mols.) arc heated on the water-bath 
until a test ])ortion gives no pn^cipitate with sodium hydroxide. Th(' 
solution on cooling deposits crystals of the acetate, which crystallise 
from dilute alcohol in needles, M.pt. 170*5° C. The mother-liquors 
from this preparation contain o-acetoxymercuri anisole. 

A similar product is obtained when mercuri-bis-p-anisole is dissolved 
in acetic aei(l. The substance yields the chloride when treated with 
aqueous sodium chloride. 
p-Anisylmercuric oxide, 

/Hg.C 6 Tl 4 . 0 Me 

\ 1 ig.C 9 H 4 . 0 Me 

When the preceding halogen compounds are treated with aqueous 
sodium carbonate, the oxide is deposited as the solution cools. It 
crystallises from alcohol in fine, white needles, M.pt. 177° C., easily 
soluble in alcohol or hot sodium carbonate, but with difficulty in water. 

1 Lolotf, Btr., 1897, 30 , 2836. 

> Manchot, Annahny 1920, 421 , 340. 

* Roeder and Blaine, lier., 1914, 47 , 27fi2. 

* Dimroth, Bar., 1921, 54 , [B], 1604. 
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The solution has an alkaline reaction and absorbs carbon dioxide from 
the air. 

Derivatives of p-Allyl anisole, Methyl chavicoL^ —When 
treated with mercuric acetate this compound yields a syrup, from which 
two chlorides and bromides are obtainable. The first chloride is soluble 
in alcohol but insoluble in water, and forms white, glistening needles, 
M.pt. 81to 82° C. ; the isomeride forms a resinous mass, insoluble in 
alcohol. The second chloride hardens when first heated, but softens 
at 55° C. without showing any definite melting-point, and both isomers 
yield p-allyl anisole on reduction. The acetate gives a bromide, white 
needles, M.pt. 70° C., and also a resinous isomeride. 

Derivatives of Phenetole. 

Mercuri-bis-o-phenetole is obtained : 

1. By heating o-iodomercuri phenetole under reflux with alcoholic 
potassium iodide, thiocyanate, or sodium thiosulphate.^ 

2. As a by-product in the preparation of o-iodomercuri phenetole 
(see below). 

3. From o-bronio})heiietolc and sodium amalgam.® 

The substance crystallises in needles, M.pt. 83° C., is soluble in the 
usual organic solvents, and has similar properties to the anisyl derivative. 

The following compounds have been obtained from it in the usual 
manner; o-acetoxymcrcuri phenetole, tablets, M.pt. 150° to 155° C.; 
chloride, needles, M.pt. 132° C.; bromide, needles or prisms, M.pt. 121° C.; 
iodide, needles or prisms, M.pt. 111-5° C. Whitmore’s preparation of 
the latter compound is of interest. Five grams of o-chloromercuri 
phenol in 50 c.c. of 50 per cent, alcohol, 0-7 gram of sodium hydroxide, 
and 3*5 grams of ethyl iodide are gently heated on the water-bath 
for one hour. On cooling a small quantity of mercuri-bis-o-phenetole 
separates out and is removed. x\ddition of water ])recipitates the 
iodide. Yield 7 grams. 

Mercuri-bis-p-phenetole separates as leaflets from ben/.ene, 
M.pt. 135° C. It is obtained by the amalgam method. 

p-Acetoxymercuri phenetole occurs as tablets, sintering at 100° C. 
and melting at 162° C. It is prepared by the same methods as used for 
the anisyl compound. 

p-Chloromercuri phenetole.— -The melting-point of this compound 
appears to differ slightly according to the method of preparation. From 
the acetate by aqueous sodium chloride, the M.pt. is 234° C.; * from 
mercuri-bis-p-phenetole and mercuric chloride, M.pt. 241-5° C.; ® from 
the compound EtO.C 5 H 5 .Hg(OH) 2 , and sodium chloride, M.pt. 238° C.® 
It may also be prepared by boiling an alcoholic solution of (C 8 HgO) 3 Sb. 
HgClg. The bromide crystallises in needles or leaflets, M.pt. 241*5° C., 
and the iodide in needles, M.pt. 216° C. The oxide is deposited in fine 
needles from alcohol, M.pt. 202° C. 

The compound, EtO.CeH 5 .Hg(OH )2 or (EtO.C 8 H 5 .HgOH)OH, is pre- 

^ Balbiano and Paolini, Btr., 1903, 36 , 3580; QazzeUa, 1906, 36 , i. 264; Balbiano, 
Ber., 1909, 42 , 1505. 

“ Whitmore and Middleton, J, Amer, Ghem. 80 c., 1923, 45 , 1753. 

^ Miohaelis, Ber., 1894, 27 , 261; Dimroth, ibid., 1899, 32 , 758. 

* Dimroth, he. cit. ; Miohaelis, Ber., 1894, 27 , 259. 

® Miohaelis, he. eit. 

Manchot, Anmlen, 1920, 421 , 340. 
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pared as follows : 12-2 grams of phenetole (1 mol.) and 31*8 grams of 
mercuric acetate in 318 c.c. of water are heated at 50° C. for ten days, 
with frequent shaking. Yield 18 grams. It crystallises from dilute 
alcohol in small needles, M.})t. 135*5°("., from methyl alcohol in spherical 
or globular aggregates, from water in line silky needles. When warmed 
with dilute hydrochloric acid it decomposes, but with 10 per cent, 
potassium bromide, a bromide, M.pt. 193° C., is isolated, which is probably 
an impure form of the bromide referred to above, M.pt. 241*5° C. It 
has been stated more recently ^ that the compound, EtO.CglIg.HgOH, 
can be separatc^d into p-acetox^unercuri phenetole and 2 ; 4-diacetoxy- 
mercuri phenetole, M.pt. 183° to 184° C. 

Derivatives of NiTROPfiENOi.s. 

Anhydride of 4-hydroxymercuri-2-aci-nitrophenolr 

() 

II 

Hg-O 

The sodium salt of o-nitrophenol is shaken with the calculated amount 
of mercuric acetate in aqueous solution, when the anhydride se])arates 
out as a yellow })rccipitate. When treated with bromine or iodine in 
potassium iodide, bromo-2-nitrophenol and iodo-2-nitrophenol result. 

4-Chloromercuri-2-nitrophenol is formed when the above 
anhydride is treated with hydrochloric acid. It forms colourless solu¬ 
tions in acetic acid or acetone, but yellow solutions in pyridine ; it is 
somewhat soluble in alcohol or ether and insoluble in chloroform. 

4 -Hydroxymercurl -2 -nitrophenol forms j)ale yellow crystals, M.])t. 
240° to 250° C,, obtained by treating a sodium hydroxide solution of the 
anhydride with dilute sulphuric acid. It is readily soluble in acetone, 
less soluble in hot alcohol, and insoluble in water. Its sodium salt crystal¬ 
lises from alcohol in dark red crystals. 

4-Acetoxymercuri-2-nitrophenoL® —To a warm solution of 
10 grams of o-nitrophenol in 200 c.c. of water and 10 c.c. of 40 per cent, 
sodium hydroxide, a solution of 22-3 grams of mercuric acetate in 200 c.c. 
ol* water plus a few drops of acetic acid is added drop by drop. The 
precipitate first formed is orange, but after two hours’ stirring this 
becomes pale yellow, when it is filtered and washed with very dilute 
boiling acetic acid. The product obtained is dissolved in 5 per cent, 
sodium hydroxide, filtered and re-precipitated by acetic acid, the result¬ 
ing substance after washing and drying weighing about 16 grams. It 
is easily soluble in hot glacial acetic acid, but insoluble in ordinary 
organic solvents.^ 

6-Acetoxymercuri-2-nitrophenol. — A mixture of 15 grams of 
o-nitrophenol and 3 grams of mercuric acetate is gradually heated to 150° 

I Dimruth, Ber., 1921, 54 , [B], 1504. 

“ Hantzsch and Aiild, Ber., 1906, 39 , 1105. 

^ Haiziss and ProskouriakoflP,./. Afner, Cltem. Soc., 1922, 44 , 787; seo Hodgson, ibid.., 
1927, 49 , 2840. 

* Hodgson, loc. cit. 
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C. during one hour, then kept at 140° to 150° C, witli frequent shaking 
lor four hours. The reaction mixture is then treated with a saturated 
solution of sodium chloride and steam distilled. From the non-volatile 
residue 2 grams of ^-chloroitiercuri-2~nitrophenol is obtained by extraction 
with boiling alcohol. The light brown colourless residue is dissolved in 
dilute sodium hydroxide, filtered and re-precipitated l)y acetic acid. 
Crystallisation from acetic acid gives a pale brownish-yellow product, 
unmelted below 300° C. The product is transformed by iodine in 
})otassium iodide to O-iodo-2-nitrophenol. 

The melting-points and crystalline forms of the 6- and 4-halide- 
mercuri-2-nitrophcnols is as follows : Q-fluoro~, pale yellow plates, M.pt. 
187° C. ; 6-chloro-, pale yellowish-brown rectangular plates, M.pt. 
185° C. ; (i-broftio-, pale yellow plates, M.pt. 177° C. ; (S4odo-^ deep 
yellow needles, M.pt. 215° C. ; ^-‘fluoro-, micro-ciystalline plates, M.pt. 
195° C-. ; 'i-chloro~, creamy yellow micro clusters, M.pt. 205° C. ; 4- 
bromo-, needles, M.pt. 236° C. ; 4-iodo-, bright yellow needles, M.pt. 
above 300° C. 

Sodium - 6 - hydroxymercuri - 2 - nitrophenolate gives scarlet 
crystals ; the 4-compound is deeper rcd.^ 

Anhydride of 2-hydroxymercuri-4-aci-nitrophenol,2 

0 

II 

I I 
\/ 

II 

NO^—O 

This product is a yellow powder, formed by prolonged boiling of a dilute 
alcoholic solution of mercuric acetate with sodium p-nitrophenoxide. 
It yields a double salt with pyridine, which is a scarlet powder decom¬ 
posing at 190° C. into its constituents. The mercury must be ortho to 
the hydroxyl group, since 2 : 6-dibromo-p-nitrophenol does not yield a 
corresponding derivative. The anhydride docs not react with potassium 
iodide or hydrogen sulphide, but with iodine it gives mercuric iodide and 
o-iodo-p-nitrophenol. 

2-Chloromercuri-4-nitrophenol occurs as colourless crystals, 
M.pt. 175° C. It may be obtained by adding hydrochloric acid to the 
anhydride, or by treating the mixture used in the preparation of the 
acetoxymercuri compound with warm dilute sodium hydroxide, when 
an orange deposit of the monosodium salt appears on cooling. This is 
filtered off, dissolved in water, and the solution acidified with hydro¬ 
chloric acid, when the chloride is deposited as a white precipitate, which 
is recrystallised from 50 per cent, alcohol. I'he (diloride is soluble in 
alcohol and ethyl acetate. 

2-Hydroxymercuri-4-nitrophenol, obtained from the sodium 
salt, is an amorphous powder, M.pt. 206° C., soluble in acetone, alcohol, 
or acetic acid, giving colourless solutions, but a slightly yellow solution 
in pyridine. Its sodium salt contains 0%5 mol, of water of crystallisation, 
is easily soluble in water, and darkens when heated. 

2-Acetoxymercuri-4-nitrophenol. —Aqueous solutions of equi- 

^ For compounds from o-nitrophenol with mercuric nitrate and 4-chloro-2*nitrophenol 
with mercuric oxide, see German Patent, 234851. 

2 Raiziss and Prfvskouriakoff, /oc. cit. 
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molecular quantities of mercuric acetate and sodium p-nitrophenolate 
are boiled for two hours, the yellow precipitate washed with water and 
recrystallised from hot glacial acetic acid. This compound is dried for 
three days over calcium chloride and found to contain some dimercurated 
derivative when analysed.^ 

2 : 2 ' -Mercuri-bi8-4-nitropheiiol is isolated from its sodium salt, 
the latter being obtained from the corresponding oxide by reduction with 
sodium sulphide. This oxide is formed from sodium p-nitrophcnolate 
and mercuric acetate, the two being boiled in aqueous solution. 

Anhydride of 2-Hydroxymercuri-4-aci-nitro-6-nitrophenol,^ 

o 

II 

I I 
\/ 

II 

NO-O 

Freshly precipitated mercuric oxide and the calculated quantity of 
dinitrophenoi are boiled together in aqueous solution for sixteen hours, a 
lemon-yellow powder resulting which is only slightly soluble in water or 
alcohol, and insoluble in other solvents except pyridine. When heated 
with the latter it forms a double comj)ound which may bc‘ j^recipitated 
by the addition of ether. This derivative is dark yellow in colour and is 
decomposed when heated, and in aqueous solution it yields no mercury 
ions. When the anhydride is treated with bromine, o-bromodinitro- 
phenol is formed, and with dilute hydrochloric acid the chloroniereuri 
derivative is obtained, a colourless, crystalline powder, M.pt. 182" (\ 
with deconq)osition. 

2-Hydroxymercuri-4 : 6-dinitrophenoi, obtained as a micro- 
crystalline powder from alcohol, is neutral to litmus. It may be ])re- 
pared from its sodium salt. The latter is formed when th(‘ chloride 
is treated with concentrated sodium hydroxide, and it crystallises from 
water or alcohol in orange-red prisms containing 1 mol. of water of 
crystallisation, and which ex])lode when strongly heated. 

Anhydride of 3 - hydroxymercuri-4-aci-nitro-2 : 6-dinitro- 
phenol, 

0 

II 

NOj|/\|NOs 

V-Hg 

II I 

NO—O 

Mercuric oxide (8-4 grams) is shaken for several hours with a solution of 
15 grams of picric acid in 800 c.c. of water at 80® C., wlien orange-yellow 
needles separate. If this mixture is then boiled the anhydride results. 
It yields small, pale yellow crystals which are only slightly soluble in 
the usual solvents and decompose without melting. In aqueous solu¬ 
tion it is a non-electrolyte, and with dilute hydrochloric acid the chloro- 

^ Raiziss and Proskouriakoff, J, Atner, Chem, tSoc., 1922, 44 , 787. 

* Fourneau and Vila, J, Pharm. Chim., 1912, [vii.], 6 , 433. 

^ Hantzsch and Auld, Ber., 1906, 39 , 1105. 
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mercuri cornpoimcl is formed, pale yellow erystals, M.pt. 118° C. These 
ers^stals with sodium hydroxide j^ive the sodium salt, ycdlow needles, 
wliieh in turn are deeomposed by dilute sulplnirie aeid, yieldinir tlie 
hydnKvyrucrcuri deri va ti ve. 


Dektvatives of Ami nophenols. 


2 : 2'-Mercuri-bis-4-aminophenol ^ is obtained from the corre- 
spondinj^ nitro compound by reduction in alkaline solution with sodium 
hydrosulphitc. It forms heavy needles, insoluble in water, but readily 
soluble in alcohol. The hydrochloride crystallises in brilliant lu'edles, 
soluble in water. T\\q free base in alkaline solution is ra])idly oxidised 
on ex])osure to air, and its acetyl d(‘rivative crystallises in slender needles, 
soluble in alkali, forming stable solutions. 

4-Acetoxyiiiercuri-m-dimethylaniinophenol 



A solution of 2*8 ^rams of m-dimcthylaminophenol in 10 e.c. of alcohol 
is mixed with 7 ^^rams of 90 ]>er cent, menairie aeetat(‘ in ;10 e.c. of water. 
A jelly forms, and this when heated for two minutes on the water-bath 
m(‘lts, and yellow crystals separate. The ])rccipitate is collected, 
washed with wat(‘r, and dried in vacuo. Yield 7-4 ^^rams, 92 per cent. 
It forms dirty yellow crystals, insoluble in the usual solvents, except 
pyridine. It dissolves in sodium hydroxide, and the solution may be 
boiled without decomposition. In wat(‘r it only dissolves to a sliirht 
extent, the solution giving mercuric sul])hide on addition of ammonium 
sulphide. AVhen th(* dry jiroduct stands for two weeks metallic mercury 
separates out. If the substance is slowly heated it melts with decom¬ 
position at 100° to 110° C. 

When m-diincthylamino])henol is heated with mercuric* ac^etate in 
equimolecular proportions mercury is precipitated, and a mercury-Tree 
pink dye is formccl. 

The acetoxymercuri com})ound when methylated yields 4<-aceto,vy- 
mercuri-m-dimethylayninoanisole hydrochloride, pink leaflets, M.pt. 140° 
to 150° C., and at 190° C. it decomposes witli evolution of gas and 
formation of a pink, fluorescent dye. 

4-Acetoxymercuri-m-dimethylaminophenyl acetate is pre¬ 
pared as above, using m-dimethyiamino[)henyl acedate. Yield 78 per 
cent. It forms colourless crystals, M.pt. 110° C. (corr.), readily soluble 
in hot alcohol. The cold alcoholic solution with ammonium sulphide 
gives a yellow precipitate which blackens in a few minutes. When the 
substancie is warmed for a few minutes with dilute sodium hydroxide, 
cooled and neutralised with acetic acid, ammonium sulphide immedi¬ 
ately gives mercuric sulphide. This is no doubt due to the hydrolysis of 
the acetyl group by alkali and the formation of the less stable mercury 
derivative of m-dimethylaminophenol. The dry acetate blackens when 
kept for several months. 

' Fourneau and Vila, J. Pharm. Ohim,, 1912, [vii. j, 6 , 433. 

* Kharasch and Chalkley, J. Anier. Chem. Soc., 1924, 46 , 1211. 
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Mercuri-bis-m -hydroxyphenyl-trimethylammonium acetate. 

“ A solution oi’ 5 (> i^rams ol* m-hydroxyphenyl-trimethylaminoniiini 
iodide in 20 c.e. of water is shaken with the silver oxide from 4-C grams 
of silver nitrate. After ten minutes the solution is filtered and neutral¬ 
ised with acetic acid. It is mixed with a solution of 7*1 grams of 90 per 
cent, mercuric acetate, and the mixture heated until a test portion gives 
a yellow and not a black precipitate with ammonium sulphide. The 
solution is evaporated to dryness in x acuo and the residue dissolved in 
about 15 e.c. of alcohol, and 275 c.c. of acetone added. The solution is 
warmed until <‘lear, then the liquor poured off, 450 c.c. of acetone added, 
and the whole allowed to stand for twenty-four hours, when colourless 
(Tystals separate. These are collected and dried in vacuo. Yield 2-2 to 
2 S grams, 53 to 69 per cent., calculated on the following equation : 


/NMca 

X 

( \ OAc /OAc 


AcO.NMea AcO.NMe, 

x\ 

11 11 


4-2AC.OH 


It may be purified by solution in alcohol and precipitation with 
acetone. The substance is a white, very hygroscopic powder, which 
melts with decomposition and evolution of gas at 116^' to 117° C. ((rorr.). 
It is soluble in water or alcohol, but insoluble in ether. Its aqueous 
solutions decompose on standing for a week, yielding a white precipitate 
and inorganic mercury in solution. 

3-Chloromercuri - m - hydroxyphenyl - trimethylammonium 
anhydride. —A solution of 2*3 grams (1 mol. equivalent) of the pre¬ 
ceding compound in 5 c.c. of 60 per cent, alcohol is treated with 0*9 
gram ( 0-9 molecular equivalent) of mercuric chloride in 12 c.c. of 60 
per cent, alcohol. The suspension is shaken and gently warmed until 
})ractically all the precipitate has dissolved, the liquor poured off and 
allowed to stand for twenty-four hours. From this, 0-6 gram of solid 
is obtained, 25 ]^er cent. The dry compound is insoluble in cold water, 
but readily dissolves in dilute acetic acid. It melts with deeom])osition 
at about 130° to 150° C., turning purple. 

2 :6-Diacetoxymercuri - p - hydroxyphenyl - trimethylam¬ 
monium acetate, C^H 2 (l) 0 H( 4 )NMe 3 . 0 C 0 CH 3 ( 2 : 6 )(lIgOAc) 2 , forms 
large colourless needles which, when slowly heated, decompose with gas 
evolution at about 155° to 160° C. It is extremely soluble in water, 
insoluble in benzene, acetone, or ether. 

2 - Chloromercuri - p - hydroxyphenyl - trimethylammonium 
acetate, C 6 H 3 (l) 0 I!( 4 )NMe 3 . 0 C 0 CH 3 ( 2 )HgCl, obtained from the 
mother-liquors of the preceding compound, dccom})oses at 155° to 160° C., 
turning blue-green. It is soluble in pyridine, sparingly in w^ater, and is 
stable when dry. 

3:5- Dichloromercuri - o - hydroxyphenyl - trimethylam¬ 
monium anhydride, 


^NMeg 

1 

ClHglv^'HgCl 


The product of reaction between o-hydroxyphenyltrimethylammonium 
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hydroxide and mercuric acetate is treated with sodium chloride. The 
compound is practically insoluble in water, but dissolves in dilute 
sodium hydroxide, acetic acid, or ])yridine. When heated it suddenly 
becomes violet at about 200® to 210® C., and 5® or 10® higher suddenly 
bc^comes brick-red and deeom]>oses. 

(4:6)? Dichloromercuri - m - aminophenyl - trimethylam- 
monium a(;etate is obtained by the action of mercuric acetah? on m- 
aniinophenyl-trimethylammonium chloride. It forms colourless or pale 
brown crystals which decompose at 200® It is sparin^Hy soluble in 
water, the solution ^ivin^r an immediate black j)reci[)itatc with ammon¬ 
ium sulphide.^ 


DKKIVATfVKS OK CllKSOLS, 

I’hc mcrcuratioji ol* o-crcsol by mercuric acetabt in a(pie»)us acetic 
acid solution, usin^ c*(piimolec.ular quanlilies of the reagents, gives rise 
to three products, in yields as givdi below : ^ 


OH 

OH 

OH 



AcOHg/Noil., 

1 

If 1 ' 

11 . 1 1 

HI. 

1 

1 1 

1 1 
\/ 

ilgOAc, 


HgOAi' 


5()’a to 02*3 IKU’ cent. 13*4 to 20*7 por (jciit. 2 (> to 7 0 per coiit. 

4-Acetoxymercuri-o-cresol (1.) melts at 15»T to 155® C. and dc- 
comj)oses at 186® to 190® C.; it is converted by bromine into t-bromo-o- 
crcsol, and yields a chbmnncrcuri compound, melting with decomposition 
at 200® to 202® C., and a nitratoniercuri deriv ative, M.pt. 212® to 213® C. 
with dccom])osition. 

6-Acetoxymercuri-o-cresol (11.) melts at 123® to 125® C’, and 
dccoin})oses at 191® C., and is transformed into 6-bronio-o-crcsol on 
bromination. Its chloride and nitrate melt at 160® to 162® C. and 208® to 
210® C!. res|:)ectively with decomposition. 

4 : 6-Diacetoxymercuri-o-cresol (III.).- -The yield of the ])roduct 
may be increased by raising the temperature in the above reaction or by 
using 2 rnols. of mercuric acetate. The diacetoxy com})ound melts 
with decomposition at 192® to 195® C., and yields dichloromercuri and 
dimiratomercuri derivatives, melting with decomj)osition at 210® to 212® 
V, and 222® C. respectively. The above three compounds when nitrated 
give 4 : 6-dinitro-o-cresol. 

2 :6-Diacetoxymercuri-p-cresol,3 

OH 

AcC)Hg|-'^|HgOAo 

When p-(!resol is rnercurated, using mercuric acetate, two products are 
formed, one a monoacetoxymercuri and the other a diacetoxymcreuri 

^ For iiKM^hanistn of meixsiiration (»f o-acetaminophonols, see MascJimann, Anmlcn, 
1926, 450 , 85. 

* Mameli, Oazzelta, 1926, 56 , 948. 

3 Dimroth. B f., 1902, 35 , 2863. 
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compound. To ‘jro ^rrams oi luercuric oxide in 500 c.c. of water, 
10*8 fiframs of p-cresol in a little alcohol and 18 grams of acetic acid are 
added. If Iclt at room temj)craturc the reaction is conij^lcte in two 
days, hut if carried out at 90° C. it only takes thirty minutes. The 
mixture is filtered whilst hot, and the residue is almost pure diacctoxy- 
mereuri eoin})ound. It crystallises from dilute acetic acid in granular 
crystals, which contain 1 mol. of water of crystallisation Mdien dried in 
air, and when lu'ated it decomposes at about ‘200° C'. without melting. 

Chloromercuri-p-cresol is obtained from the warm mother- 
liquors in the above ])n‘])aration by the addition of sodium chloride. It 
separates in fine needles, which are contaminated with tlu* chloride from 
the diacetoxy compound. To (‘ff(‘et a sejiaration the mixture is tn^ated 
with cold alcohol, the solvent partially removed, and the substance* 
])reci])itated by wat(‘r and recrystalliseel from hot bc'iizene, when long 
branching needles are obtained. These are readily soluble in cold 
alcohol and melt at 1G()° (!. to a clear liquid, which at 170° C. becomes 
turbid, and again solidifies at 183° C. Its benzoyl derivative melts at 241° 
to 212° C. The? corresponding iodide cannot be obtained by the addition 
ol potassium iodide to the acetate, since this precipitates mercuric 
iodide; but when the chloride is treated with a large bulk of boiling 
water and ])otassiuin iodide is added, the iodide separates out in line 
nc'cdles. These become yellow at 145° C'. and red at 170° C'., jiartial 
decom])osition taking place and the substanei* subliming. It is easily 
soluble in ether or alcohol, with ditiiculty in benzene or chloroform, but 
prolonged boiling with alcohol or benzene tends to decompose it, although 
it is (juite stable in boiling water. When treated with iodine it forms 
mercuric iodide and o-iodo-|)-eresol. 

Anhydride of o-hydroxymercuri-p-cresol, 


I IHg 


CP, 


1. The chloride is dissolved in diluti! sodium hydroxide and carbon 
dioxide passed in, the anhydride being preci])ifated. 

2. By adding the requisite amount of boiling sodium carbonate 
solution to an alcoholic solution of the chloride. 

It is a line white powder, insoluble in the usual solvents, but soluble in 
phenol. Wlicn dissolved in an excess of 12 per cent, sodium hydroxide, 
carbon dioxide jiassed in, and the mixture slowly cooled, tlie ifodium 
vf/// separates in needles which arc decomposed when exposed to light. 
Treatment of the anhydride with hot dilute acetic acid gives the o-aceUhvy- 
mercuri compound, whicli sinters at 150° C. and melts with decomposition 
at 103° C. 

Mercuration of p-cresol methyl ether —The ether (4*8 grams ; 1 
mol.) is shaken with a solution of 38-4 grams of mercuric acetate (3 mols.) 
in a stoppered flask for several days at 50° C. The precii)itate is then 
removed and washed with \vatcr until the washings give no reaction for 
mercury. About 12 grams of jiroduct are obtained which, after crystalli¬ 
sation from 20 per cent, acetic acid and then from alcohol, yield long 
needles, M.pt. 131*5° C. When the ether and mercuric salt are used in 

‘ Manohot, Atmulen, 1920, 421 , 335. 
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the proportion 1 : 1 , the resulting product melts at 182° C.^ Analysis 
of this substance agrees with the formula : 

8 Me.C 6 H 4 . 0 Me.Hg(C 2 ll 302 ) 2 . 2 Hg 0 

It is unaffected by ammonium sulphide or sodium hydroxide, but when 
its clear alcoholic solution is treated with aqueous sodium chloride, 
chloromercuri-p-cresol methyl ether, Me.C 6 H 4 .OMe.HgCl, is precipitated. 
This crystallises from 96 per cent, alcohol in white needles, M.pt. 102 ° C., 
which arc not acted upon by ammonium hydroxide, sulphide, or sodium 
hydroxide, although easily soluble in the latter. 

Derivatives of Thymol.® 

o(?) -Chloromercuri thymol.—To a hot alcoholic solution of 5 grams 
(1 mol.) of thymol, 10-6 grams (1 mol.) of mercuric acetate in acetic 
acid-alcohol solution are added, and the mixture boiled for one hour. On 
cooling, a slight precipitate of 0-5 gram of dimercuri compound is de- 
jiosited, and after filtering, sodium chloride solution is added, when chloro¬ 
mercuri thymol is obtained as a voluminous precipitate. This is rc- 
crystallised from 40 per cent, alcohol, hair-fine needles, M.pt. 189-.5° C., 
being deposited. Yield 10 grams. The substance is readily soluble in 
dilute sodium hydroxide, but if the latter is too concentrated the .sodium 
salt is produced. 

2 : 6 -Diacetoxymercuri thymol is formed when 2 mols. of mercuric 
acetate are used to 1 mol. of thymol, the reaction being carried out 
in boiling alcoholic solution containing some acetic acid. After a 
time the mixture which practically solidifies is cooled, filtered, and re- 
crystallised from ethyl acetate-acetic acid mixture, white shining needles 
coming down. These melt at 215° to 216° C. with decomposition, and 
are soluble in sodium hydroxide, from which the sodium salt crystal¬ 
lises in plates.® A hot 10 per cent, solution of sodium hydroxide yields 
2 : Q-dihtjdroocymercuri ihyinoL which crystallises in colourless plates, con¬ 
taining 3 mols. of water of crystallisation; in aqueous solution it is 
converted by carbon dioxide into the anhydride, 

/Hg 

OH.Hg.CgHMePrC; 1 

With sodium chloride, 2'^-dichloromercuri thymol is formed, M.pt. 210 ° 
to 211 ° C. with decomposition, which may be reduced to thymol by 
zinc and potassium hydroxide. The corresponding iodomercuri com¬ 
pound is also known, and a 2 : Q-dinitratomermiri thymol formed from the 
diacetate and 5 per cent, nitric acid. 

2-Acetoxymercuri thymol, prepared in the usual manner, forms 
a lustrous, white powder, M.pt. 147° C., decomposing at 182° C., and 
giving an immediate precipitate with ammonium sulphide, but with 
hydrogen sulphide only in the presence of hydrochloric acid. With 
sodium chloride the 2-chloromercuri derivative is formed, M.pt. 144° to 
145° C., decomposing about 160° C.** This compound is probably 

^ Uimroth, Ber., 1921, 54 , [B], 1604, gives the melting-point as 136° C. 

- Dimroth, Ber., 1902, 35 , 2863. 

® See Merck, Arch. Pharm., 1893, 231 , 124; Paolini, Gazzetta, 1921, 51 , ii, 188; Rupp, 
Arch. Pharm,, 1917, 255 , 191. 

* Mamcli and MameU-Mannessicr, Oazzetta, 1922, 52 , ii. 1 . 
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identical with Dimroth’s chloride mentioned above. The lollowin/^^ 
thymol-2*derivatives arc also known: Bromide, crystalline powder, 
contracting at 140° C. and reddening and subliming at 180° C. ; sulphate, 
amorphous, white powder, reddening without melting at 220° U. ; nitrate, 
pink powder, M.pt. 148° to 150° C., decomposing at 155° C. and turning 
violet in the light; mridc, white precipitate, M.j)t. 105° C. with decom- 
])osition. 

6-Acetoxymercuri thymol occurs as small, lustrous crystals, M.pt. 
103° C., decomi>osing at 178° to 180° C. The bromide is a white com¬ 
pound, M.pt. 149° C. with decomposition ; sulphate, amorphous powder, 
decomposing at 235° C.; nitrate, white powder, M.pt. 107° C. with decom¬ 
position ; oxide, wdhte powder, blackening at 180° C., and decomposing 
about 205° ; hydroxide, M.pt. 190° to 195° U. with decomposition. 

2-Acetoxymercuri-6-iodothymoP forms white crystals, redden¬ 
ing at 170° C. and melting at 175° C. with decomposition; the chloride 
turns yellow at 119° C. and melts at 122° to 124° C.; the bromide turns 
yellow at 102° M.pt. 105° to 108° C.; oxide, M.pt. 102° to 105° C. with 
deeom})osition. 

3 - Acetoxymercuri - 4 - hydroxy - 2 - methyl - 5 - isopropyl - 
benzaldehyde.^ Molecular proportions of 4-hydroxy-2-methyl-5-isopro- 
pylben/aldehyde (p-thymolaldehyde) and mercuric acetate, in alcoholic 
solution containing a little acetic acid, are boiled for fifteen minutes and 
cooled. The precipitated ))roduet crystallises from acetone containing a 
small quantity of acetic acid in colourless, hard ])risms, sintering ai. 
179° (•. and decomposing at 185° C. Iodine in potassium iodide solution 
splits off the mercury, with probable formation of 3-iodo-4-hydroxy-2- 
methyl-5-isopro])ylbcnzaldehyde. j)ale yellow, octagonal prisms, M.j^l. 
128° to 129° C. 


13i:kivativp:s of CARVACJtoi..** 

Acetoxymercuri and Diacetoxymercuricarvacrol.- Solutions 
of carvacrol (1 mol.) and mercuric acetate (2 mols.) in 50 per cent, 
alcohol arc boiled for fifteen minutes, then cooled, a crystalline sub¬ 
stance separating out. Concentration of the filtrate gives a pale yellow 
oil, which may be crystallised on warming with alcohol. The mother- 
liquors from the oil are mixed with the alcoholic filtrate from the? 
solid, and the above process of concentration, etc., repeated. In this 
way eight crops of crystals arc obtained, the fourth and sixth being 
mercurous acetate, and 18 grams of carvacrol give 61*3 grams of crude 
mercury compound. The first two crops (34 grams) are practically 
pure monomercuri derivative, crops 3, 5, and 7 (21-8 grams) nearly pure 
diacetoxymercuri compound, whilst 8 consists of 5*5 grams of a mixture 
of the tw^o compounds. One crystallisation of the above 34 grams gives 
pure acetoxymercuricarvacrol, in short, highly refractive, colourless 
ctystals, decomposing at 196° C. Similarly crops 3, 5, and 7 yield the 
diacetoxymercuricarvacrol in colourless, well-formed prisms, sintering 
at 190° C. and decomposing at 215° C. Although orientation experi¬ 
ments are not very satisfactory in the case of three compounds, and since 
the mercuri residue apparently never enters the benzene ring in the meta 

1 Mameli, (Jazzetta, 1922, 52 , ii. 18. 

* Henry and Sharp, J, Ch&m. 80 c,, 1926, p. 2436. 

*• * Henry and Sharp, he, cU, 



MERCURY. 


153 


])<>sition to a liydroxyl these coin])ouiids are. probably 4-- or (>- 

inoiioacetoxyniereuri and 4:6-diacetoxynierenrirarvaerols (OH in 
position 1). 

5 - Chloromercuri - 4 - hydroxy - 3 - methyl - 6 - isopropyl- 
benzaldehyde. Molecular proportions of 4-hydroxy-3-niethyl-0-iso- 
propylbenzaldebyde (j3-earvacrolaldehydo) and inereiirie acetate in 
alcohol containin;^ acetic acid are boiled for 1*25 hours. The solution is 
liltered and treated with an excess of 10 per cent, aqueous sodium chloride, 
wlien a pale cream-coloured preeijntate is thrown down. This is filtered 
off, dried, and reerystallised from acetone containing one drop of hydro- 
(‘hloric acid, small, four-sided plates being deposited, which sinter and 
darken about 209“ C. and decomj)ose indefinitely about 260“ C. A 
50 })er cent, yield of the corresponding 5-aeetoxymercuri derivative is 
obtained when molecular proportions of j>-earvacrolaldehyde and mer- 
(*urie acetate are heated for 1*5 hours on the water-bath. A yellow oil 
is formed, and this after extraction with hot ligroin is dissolved in a 
little acetic acid and the solution lilter(‘d. On cooling, colourless needles 
of 4-hydroxy - 5 - aec toxymercuri - 3 - methyl - 6-iso])ropylbenzaldehyde 
se])arate, M.})t. 120'' C. These crystals contain ! mol. of acetic acid, 
which is not lost on drying in vacuo. When treated with a solution ol' 
iodine in j)otassium iodide, a})roduct is obtained whi(rh crystallises from 
alcohol in long, colourless needles, M.pt. 157“ C. It is ])robably 5-iodo- 
4-h y d rox y -6 -methyl- 6-i so] )r<)] )y 11 )(‘n zal d eh y de. 

Derivatives of Aekyi. Phknoi.s. 

2-Acetoxymercuri-p-tert.-butylphenol. Two molecules of llu* 
phejiol and 1 mol. of menmric ac(‘tatc in 50 ])er cent, alcohol containing 
a little acetic acid arc allowed to stand; a test portion dissolves in 
sodium hydroxide after about twenty hours. In three days 2-53 grams 
of }3roduct rich in monomercurated compound crystallises out in wdiitc 
needles. The filtrate on concentration gives some unchanged butyl- 
])henol, and a clear yellow' oil which solidifies on standing. The latter, 
after steam distillation and drying, weighs 3-6 grams. It crystallises 
from ligroin, saturated with acetic acid, in colourless, shining plates, 
M.pt. 180“ C.^ 

2 :6-Diacetoxymercuri-p-tert.-butylphenol. Six grams of the 
])henol in 10 c,v. of alcohol and 25*6 grams of mercuric acetate in 100 c.e. 
of alcohol containing 4 e.c, of acetic acid, are mixed and boiled for one 
hour. After standing overnight the mixture is filtered, concentrated 
to half-bulk, and 200 c.e. of w^ater added. A white, sticky solid is 
precipitated, which becomes crystalline when warmed with alcohol. 
The total yield, taking into account recovery from mother-liquors, is 
23-35 grams. It melts at 224° C. with decomposition, and is readily 
soluble in the usual organic solvents. When nitrated with concentrated 
acid at 0° C. it yields 2: 6-dinitro-p-tert.-butylphenol, thus proving the 
positions of the mercury in the compound. 

2-Acetoxymercuri-p-i8oamylphenol is prepared in a similar 
manner to the above monomercurated product. It crystallises in white 
flakes, M.pt. 176“ to 177° C. with decomposition. 

2 : 6-Diacetoxymercuri-p-isoamylphenol crystallises from acetic? 
acid in shining prisms, M.pt. 128° to 125° C., containing 1 mol. of 

1 Henry and Sharp, J. Chem. ISoc„ 1926, p. 2434. 
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solvent. With twice its weight of ice-cold, concentrated nitric acid it 
yields 2: 6-dinitro-p-isoamylphenol. 

Derivatives of Guaiac^ol.^ 

Mercuric acetate reacts with guaiacol in methyl alcohol or ethyl 
alcohol—acetic acid solution to yield principally diacctoxyincrcuri 
guaiacol and possibly some monomercuri compound. 

4:6-Diacetoxymercuri guaiacol, 

OH_Hg.()Ac 
OMe<^ ^ 

^Hg.OA(^ 

forms white crystals which turn yellow, then red when heated, but do 
not melt. Nitric acid converts the compound to t: ()-dinitroguaiacol. 
This diacetate with 5 per cent, sodium hydroxide yields an am/c, 

OH Hg.OAc 
OMo<^ ^ 

() Hg 

\/ 

an infusible, iieavy powder, turning brown at 200'' to 210^ C. The 
chloride is form(‘d in tlu; usual manmn*, and is a erystallinc* })owder, 
decomposing at 179" to ISO' U., and the nifrafe is an infusible, white, 
crystalline compound. 

5-Iodo-acetylguaiacol is also stat(‘d to give a didceiate. 

Vatnlli)} on mercuration yields a crystalline monoacetole, which may 
be converted to the chloride, the latter giving iodovanillin on treatment 
with iodine.*^ 

Derivatives of Safrol.'^ 

Mercuration of safrol by mercuric acetate yields a syruj) containing 
/u!o isomeric acetates, one of which eventually crystallises out, the other 
remaining as a sticky mass. Both isomers are reduced to safrol when 
treated with zinc and sodium hydroxide. The crystalline form yields a 
mercurichloride, a white crystalline powder, insoluble in water and very 
slightly soluble in boiling alcohol. When heated it blackens towards 
170" C. The syrupy isomeric acetate yields a chloride, which crystallises 
from alcohol in rosettes of hard, glistening, prismatic needles, M.pt. 138° 
C. This form can be more conveniently prepared as follows : 8-1 grams 
of safrol in a stoppered flask are shaken with 10 grams of mercuric 
acetate (1 mol.) in 100 c.c. of water for about two and a half hours 
at 50° C. When the reaction is comi^lete the mixture is shaken with 
10 per cent, sodium chloride solution, a crystalline precipitate of the 
chloride being deposited. Yield about 12 grams. Recrystallisation 
from alcohol gives long, white, stellate, monoclinic prisms, M.pt. 136° to 
137° C. The compound gives no reaction with ammonium sulphide, 
hydroxide, or sodium hydroxide, but if warmed with dilute hydro¬ 
chloric acid the smell of safrol becomes evident. It is only slightly 

^ Mameli, Qazzeita, 1922, 52 , ii. 23. 

Paolini, Cazzetta, 1921, 51 , ii. 188. 

^ Balbiano and Paolini, Ber., 1902, 35 , 2998; AUi. if. Accad-, Lincei, 1902, [v.], 11 , ii. 
65 ; Ber„ 1903, 36 , 3579 ; Balbiano, Ber., 1909, 42 , 1505 ; Manohot, Annalen, 1920, 421 , 
320. 
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soluble in water, but easily in sodium hydroxide, from which it may be 
precijDitated by hydrochloric acid. The compound is an oxychloride of 
the formula, CiQHio02lIg(OH)CI. The corresponding bromide is pre¬ 
pared in a similar way, sodium chloride being replaced by potassium 
bromide. It melts at 141° to 145° C., and crystallises in long, silky, 
shimmering, white needles from dilute alcohol. It exhibits similar 
])roperties to the chloride. The iodide forms small, white needles, M.pt. 
152 ’ C\, which are decomposed by hydrogen suljdiide, becoming first 
orange, th('n black. It does not redden when ])oiled with ^vater and is 
unchanged by potassium iodide solution. In water it is insoluble, but 
readily dissolves in dilute alcohol or sodium hydroxide. The base, 
C'ioHiy() 2 .ng(OH)OIl, is easily obtained from the bromide by the action 
of moist silver oxide. The clear solution is faintly alkaline to litmus, 
but gives no colour >vith phenolphthalein. Treated with hydrochloric 
acid it becomes turbid, and on warming the mixture smells strongly of 
safrol. rotassium bromide solutioii decom])oses it, witli formation of 
the oxyhromide, 

Isosafrol reduces mercuric to mercurous acetate, and is itself oxidised 
to a glycol. 

Derivatives of Ei (iEKOL Metiive Ether.^ 

This eomj)ound yi(‘lds a syruj) of mixed aeidates, from which two 
chlorides may b(‘ obtained. One of these forms small, hard, white 
prisms, M.j)t. 112° to 11**3 ’ soluble in alcohol but insoluble in \vater, 
Nvhilst the second isomer is resinous. The crystalline variety is best 
obtained as follows : Ecpnmol(‘cular quantities of the eugenol compound 
and mercuric acetate in seven times the bulk of water are heated for 
one hour on the water-bath, and after cooling poured into four times 
lh(‘ volume of 3 per cent, sodium chloride solution. After standing for 
several days the ])roduet separates out, and on recrystallisation melts 
at 112-5' C. It is unchanged by ammonium sul])hide or hydrate, but 
decomposed by warm dilute hvdrochloric acid. Its constitution is 
given as (OMey/yi,, Cllo -C 11 CH 2 .Hg(OH)( 1. 

Apiol reacts with mercuric acetate fairly rapidly, eoinj)lction of the 
n’aetion being reached in four to five hours. The acetate forms fine 
needles, M.pt. 157° to 158° C., insoluble in water but dissolving in warm 
alc'ohol. It is reduced to a])iol by zinc and sodium hydroxide. Isoapiol 
gives an acetate w hich softens at 160° f . and melts at 174° C. 

Derivatives of Rksorcinoe.- 

Chloromercuri resorcinol, C(iIl 3 (OH) 2 .HgC'l.- To a solution of 
28-3 grams of mercuric acetate (1 mol.) in 60 c.c. of water at room 
temperature, a solution of 29-7 grams of resorcinol (3 mols.) in 25 c.c. 
of water is added with frequent shaking. The reaction is completed in 
iiftecn minutes. White flocks appear, which are filtered and quickly 
dissolved in concentrated sodium chloride solution, from which the 
chloride se])arates in lu^edles. These arc placed for a short time in 
ice, then liltered off, w^ashed with ice-cold water, and dissolved in 
a large volume of ether. Removal of the solvent, and drying of the 
residue in vacuo, gives 16 grams of j>roduct. This consists of a mixture 

^ Balbiaiio and Paoiiiii, loc, cit .; Balbiano, loc., cit .; Manchot, toe. cil. 

** Diniroth, Ber„ 1902, 35 , 2853 ; see Leys, Pftarm. Vhim.^ 1905, [vi.J, 21 , 388. 
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of mono and diincrcurated corii])ounds, from vvJiich the mono is rcmovt?d 
by boiling with cliloroform, in which it is soluble. From this solution 
})risms are de])osited, M.])t. 105° C-, the compound containing cliloro- 
J’orm of crystallisation, whieJi may be rcmov(‘d in vacuo, when the 
melting-point rises to 128°; at 170° the colour changes to blood red. 
Yield 11-7 grams. It is soluble in ether, but only with difliculty in 
water, the aqueous solution becoming turbid after a short time. When 
warmed with a little water a clear solution is obtained, but a fine 
yellow powder rapidly se})arates out and decomposes. The solution in 
sodium hydroxide after a short time becomes yellow, then green, then 
brown, and a black precipitate finally appears ; these changes arc 
accelerated by warming the solution. With ammonium sulphitle the 
substance is immediately decomposed. 

Dichloromercuri resorcinol is the insoluble residue* left after the 
c;hloroform extraction, and is purified by crystallisation from ether. 
\’i(‘ld 2-5 grams. It is a fine powder, becoming dark towards 200° C., 
but does not melt. In alcohol it is sohd)le with difliculty and is 
decom])osed by sodium hydroxide even more rapidly than th(^ mono 
compound. 

4-Acetoxymercuri-2-nitroresorcinol * is ])repared by heating 
together (*quimolecular (quantities of mercurici acetate and 2-nitro- 
ri'sorcinol on a water-bath for thirty minutes. The orange precipitate 
is filtered, washed with water, alcohol, and ether, then dried over 
calcium chloride for forty-eight hours. Yie ld 75 ])er cent. 

4-Chloromercurt-2-nitroresorcinol. Freshly pr(M i])itated mer- 
(‘uric oxid(‘ and 2-nitroresorcinol susj)end(*d in water an* heated on the 
wafer-bath for two hours, and the orange ])reeipitate filte‘re*d off, washetl 
with water, alcohol, and ether, then cojiv(*rted to the chloride by the 
addition of* 10 })er cent, hydrochloric acid. The ])roduct wh(*n washed 
and dried is a pale* orajige powder, soluble* in dilute sodium hydroxide, 
methyl or ethyl alcohol, ether, ben/.ene; only slightly in water. 

4 :6-Diacetoxymercuri-resorcinol-dimethyl ether, 

OMc 

Hg.OAc 

An alcejholic solution of resorcinol dimethyl etheu’ and mercuric acetafe 
in (M|uimolecular proportions is boiled until the reae^tion is complete*. 
On cooling, beautiful, white, feathery crystals vSe^parate. The product 
melts at 218° to 220° C. (corr.). It is quite stable to ammonium sulphide, 
the aletoholic solution giving a yellow precipitate with this reagent.^* ® 


Deiuvatives oe Naphthols and tiieih Sulpiionic Acids.'* 

Mercuration of a-Naphthol. —When 3 6 grams of a-naphthol arc 
dissolved in 25 c.c. of acetic acid and a solution of 8 grams of mercuric 

1 Raiziss and Proskouriakoff, J. A7mr. Ghem, Soc,, 1922, 44 , 787. 

Kharasch and Ohalkby, J. Amer. Chem. Soc., 1924, 46 , 1216. 

Ef>r mercHfationof p-xylenol, monobromo-p-xylenol, 2:.‘i-dihydi’oxy-l.i)iotliylbenzeno 
and pyrogalloM : 3 -diethyl ether, see German Patent, 250746. 

« * Brieger and Schulemann, J. praki. Chem.t 1914, 89 , 97. 
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acetate in 50 c.c. of dilute acetic acid is added, a white crystalline pre¬ 
cipitate soon separates out, and a further quantity may he obtained 
from the mother-liquors. This substance does not react with ammonium 
sulphide, dissolves very readily in sodium hydroxide, and if more alkali 
is added a white crystalline precipitate appears. The body is also 
soluble in acetic acid, and crystals deposited from the solution when 
filtered off and washed with water soon become intense yellow ; the 
addition of a drop of sodium hydroxide changes the colour from yellow 
to white. Its alcoholic-alkaline solutions soon decompose, but it is fairly 
stable towards cold sodium chloride solution, yet on heating the solu¬ 
tion gives an alkaline reaction. Potassium bromide also gives an alkaline 
reaction ; |)otassium iodide only shows a faint alkalinity at first, but 
suddenly mercuric iodide separates and the solution becomes strongly 
alkaline. The eom])onnd (iontains no aeetoxy grouj), and the formula 
assigru'd to it from analysis is as follows:— 


i I I ® 


2:4-Diacetoxyinercuri-a-naphthol, 

OH 

|/\/\HgOAc 

I I 

HgOAc 

When the mercuric acetate in the preceding preparation is replaced by 
K) grams of mercuric acetate in 50 c.c. of 3 per cent, acetic acid, 
colourless needles crystallise out in a short time, and these are filtered off 
and washed with water. The diacetoxy derivative is stable to ammon¬ 
ium sulphide, but behav(*s towards halogen salts in a similar way to th(‘ 
mono mercury compound. 

2-Acetoxyniercuri-l-naphthol-4-sulphonic acid (Sodium salt), 

OH 

I I I 

SOaNa 

Six grams of the sodium salt of the acid in 50 c.c. of water arc treated 
with 0*4 grams of mercuric acetate in 50 c.c. of water, and after long 
standing yellowish-brown bushy needles separate. These after several 
crystallisations from dilute acetic acid become white. The product 
obtained is the sodium salt of the acid, and it is very stable towards 
ammonium sulphide, although this stability is reduced in the presence of 
sodium chloride. When warmed with sodium chloride in acetic acid 
solution, mercury is split off. Attempts to prepare a diacetoxy com¬ 
pound have been unsuccessful. 

l-Naphthol-5-sulphonic acid when treated with mercuric acetate 
gives only mercurous acetate and tarry products. 
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Mercuratton of /8-Naphthol. 

1 -Acetoxymercuri-^-naphthol,‘ 


H^OAn 

I I I 
I I I 
V^\/ 


1. Twenty i^rams of mercuric oxide are dissolv'cd in 520 c.c. of hot 
acetie aeid, and on eooliiii*, the white, jjflistenin^ plates are filtered off and 
mixed with an acetic acid solution of i;3*2 <rrams of ^-naphthol. A 
heavy, crystalline precipitate s(‘parates out. and if removed, the mother- 
liquors ^ive further crops on standinji:. Afield almost quantitative. 

2. j8-Na])hthol (If-t grains) is dissolved in 75 c.c. of acetic acid, and 
to this 82 grams of mercuric acetate in 125 c.c. of 80 per cent, accdic acid 
are added, when tlic acetoxy com])ound se})arates out. 

It crystallises in white, glistening needles, which on rapid heating 
blacken and melt at 185° C. with violent frothing. It is only slightly 
soluble in the usual solvents, does not blacken with ammonium sul})hidc, 
but a yellow, voluminous precipitate separates which decomposes on 
heating, with deposition ol' mc'rcuric sulphide. Treatment with aqueous 
sodium chloride yields the l-chloromercuri compound, which may be 
transformed into l-iodo-j8-naphthol.^ 

l-Acetoxymercuri-2-naphthol-6-sulphonic acid (Sodium salt),'* 


S0,Na'. 


HgOAc 

1 I I 
I I I 


The sodium salt of Schaffer’s acid (14'1 grams), containing 2 mols. of 
water of erystallisation, is dissolved in 100 c.c. of hot water and a solu¬ 
tion of 10 grams of mercuric acetate in 100 e.e. of hot water added. Th(‘ 
compound soon sej^arates out, and is only slightly soluble in water, but 
readily in dilute acetic acid or sodium liydroxide. It has similar pro¬ 
perties to the derivative from l-naphthol-4-siilphonic acid. 

1 :8-Amidonaphthol-4:6-disulphonic acid (K acid) yields with 
mercuric chloride or acetate unstable red compounds, to which no 
formula* have been assigned; the same result is obtained with its 
mono and dibenzoyl derivatives. 1 : 8-Amidonaphthol-8: O-disulphonic 
acid (H acid) and 1:8-amidonaphthol-4-sulphonic acid give colours and 
reactions similar to K acid, but these compounds are even more readily 
decomposed. Constancy of composition has not been obtained in the 
case of 1 : 8-dihydroxynaphthalene-8: G-disulphonic acid (chromotro])e 
acid), the derived compounds being orange in colour.'* 

Mercuration of Salicylyl alcohol (Saligenin)A - This alcohol 
forms a dimercMrated compound when 1 mol. is heated with 2 mols. 
of mercuric acetate in alcoholic solution containing a little acetic acid. 
Needles separate out, from which a pure product is isolated by extract- 


' Bamberger, Ue.r.^ 1898, 31 , 2524; Brieger and »Schiilemann, prakt. Ohem., 1914, 
89 . 97. 

* Paolini, Oazzetki, 1921, 51 , ii. 188. 

* German Patent, 143726. 

* For j^-naphthol disulphonio acid li. see German Patent, 143448; /?i/^? 3 -naphthol 
Bulphonic acid, see German Patent, 143726. 

^ Hart and Hirschfelder, J. Amer. Chem, ^oc., 1920, 42 , 2768. 
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ing witli water, alcohol, and ether. It is only solulde in hot glacial 
acetic acid or acetic anhydride and alkalies; with mineral acids it forms 
salts. The mercury ])resent is non-ionic in character, and since it 
readily forms an anhydrides is probably in the ortho position to the 
phenolic hydroxyl group. The following formula has been assigned 
to it:— 


0~- 


I I 
I 

HgOH 


.IHHijO 


When dissolved in liot acetic anhyclride it forms a trincefaie of the 
composition : 


OH 

I 

AcOHk- (^Hg-<M(^ 

1 I 

^\/ 

I 

Hg-OAc 


Mercuration of p-Hydroxy-m-nitrophenyl carbinol.-The 
carbinol is prepared by the action of bromomethyl alcohol on o-nitro- 
phcnol and then treated with 2 mols. of mercuric acetate in alcohol- 
acetic acid solution. Fine, pale yellow needles separate, which may he 
recrystallised from 20 per cent, acetic acid (I.). This compound does not 
form an inner anhydride as in the preceding case, although the mercury 
is in the ortho position to the hydroxyl group. The latter fact was estab¬ 
lished by treating the compound with a solution of iodine in potassium 
iodide, when 3-iodo-4-hydroxy-5-nitrobcnzyl alcohol is obtained.^ 
Treatment with acetic anhydride yields a monoacetyl derivative (II.). 


OH 

HOHg|/\|NO, 

CH,OH 

I. 


OH 

Ac.0-Hg,/\,N02 




II. 


Kharasch, J. Amer. Chem. Soc.^ 1921, 43 , 1203. 



CHAPTER IX. 
MERCURY {conUnued), 
Dektvativks of Aromatic Acids. 


Tiif. simplest of the aromatic* a(*ids, namely, benzoic aeid, does not give 
an acetoxymercuri compound when heated witli mereiirie acetate, but 
only an anhydride. The position of the mc reiiry in the ring in this (*asc 
is shown to be ortho to the carboxyl grouj), since tlie same anhydride 
may be* formed from phthalic acid, the only other products of reaction 
being carbon dioxide and acetic acid, 


l/^lCOOH 

l^boOH 


/\_ 


+Hg(OAc)2= 


-C - 0 

)0+C02-f2H0A<! 

-Hg" 


Tlie saitK' compouiul is also formed when mercuric benzoate is heated 
for some time at 270° C., and this method may yet beeoinc of great 
im})ortanc(> in the [)reparati()n of mercurated aromatic acids. Mercury 
salicylate yields an organo-mercuri anhydride, when heated for a pro- 
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longed period at 100° C. o-Chloromercuri-benzoic acid is obtained from 
the anhydride by dissolving it in concentrated sodium chloride solution, 
and adding acetic acid, but the p-chloromercuri compound has only been 
obtained by the* oxidation of p-tolylmercuric chloride by alkaline per¬ 
manganate. The methyl ester of benzoic acid may be mercurated in the 
usual way by means of mercuric acetate in the presence of a little acetic 
acid, and the esters of salicylic acid may be treated similarly. 5- 
Nitrosalicylic acid is mercurated by using an acpieous suspension of 
mercuric oxide at 100° C. 

The interaction of mercuric acctat(‘ and anthranilic acid is more 
complicated than the ])receding eases, and is best illustrated by the 
scheme on ()p])osite page, whicii shows also the main reactions of the 
aeetoxy-mcrcuri conipounds of this acid. 

A similar set of reactions has been carried out with the ethyl ester of 
f)-ami no ben zoic acid, but in addition a mercuric acetate salt oi’ acetoxy- 
iu(‘rcuri-p-aminobenzoic acid has been obtained, and the mono and 
diacetoxymercuri derivatives may be isolated from this under suitable 
conditions. Also in tlu* case of this ester only the diacetoxymercuri 
coinj)ound has bc‘en obtained directly from the N-isodiacetoxymercuri 
derivative, direct mercuration being used to obtain the rnonoacetoxy- 
mereuri product. 

In the mercuration of cinnamic acid and its esters, Cellg.ClIg.CIIg. 
coon, the mercury residue always attaches itself to the a-(‘arbon atom, 
and the solvent takes part in the reaction, attacking the j3-carbon atom, 
alkyloxy groups becoming linked to the latter (I.). When the mercur¬ 
ated esters are saponilied by sodium hydroxides and the resulting })roduet 
treated with sulphuric acid, water is eliminated between tln^ hydroxy- 
mercuri and carboxyl groups, and an anhydride results (II.). 

Cfillg—CII-CIl~COoR CoHfi—CII-CH—C =0 

II III 

O.yk IlgOAc OAlk Hg—O 

I. II. 

In the case of j3-hydroxynaphthoic acid the mercury enters position 
1, and may be removed again by the action of iodine in potassium iodide 
solution. 

The mercuri-bis compounds of the mercurated acids have been pre¬ 
pared in a variety of ways. The use of sodium thiosulphate, which was 
given as a fairly general method in the case of mercurated amines, has 
only been used for acids in the preparation of the following: Mercuri- 
bis salicylic ethyl ester, mcrcuri-bis-2-aminobcnzoic methyl ester, and 
the corresponding ethyl ester of the 4-aminobenzoic acid compound. 
The following sulphides yield mercuri-bis compounds by the action of 
heat: o-Sulphidomercuri benzoic acid, sulphidomcrcuri salicylic methyl 
ester, and the sodium salt of o-sulphidomercuri benzoic acid, the con¬ 
version in the latter case being brought about by boiling the aqueous 
solution. The interaction of mercuric cyanide and thiosalicylic acid in 
aqueous solution yields mercuri-bis-o-thiolbenzoic acid, no other organic 
mercury product being isolated. 

o-Hydroxymercuri-p-nitrobenzoic acid has been changed to the 
mercuri-bis compound by treatment with alkaline stannous chloride, and 
in the case of the m-nitrobenzoic acid compound aluminium turnings in 
VOL. XI.; I. 11 
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alkaline solution were used. Alkaline stannous chloride has also been 
used for the transformation of p-chloromercuri benzoic acid. 

The conversion of hydroxymercuri-salicylic acid to mercuri-bis- 
salicylic acid is accomplished by dissolving the compound in potassium 
hydroxide and treating the solution with formaldehyde sulphoxylate, 
and by similar means the sodium salt of mercurated hydroxybenzene 
sulphonic acid may be reduced. 

In the case of the aminobenzoic acids, the rnercuri-bis derivatives 
have been prepared by the reduction of tlie hydroxymercuri nitro- 
benzoic acids in neutral or alkaline solution. 

An interesting formation of a mercuri-bis compound is the trans¬ 
formation of the anhydride of a-hydroxymcrcuri-j3-methoxy-j8-phenyl- 
propionic acid to a-mcrcuri-di -jS-anhydrohy droxy-j8-phenylpropionic acid, 
by suspending the former in water and treating it with potassium iodide. 

Certain mercurated acids have been tested with regard to their 
stability towards ammonium sulphide, with the following results: 
o-Chloromcrcuri benzoic methyl ester is only decomposed on prolonged 
warming, but a sulphide may be obtained by the action of methyl 
alcoholic hydrogen sulphide. 

o-Chloromercuri benzoyl chloride in ethereal solution gives a sulphide 
with hydrogen sulphide only after long treatment. 

The anhydride of 3-hydroxyniercuri salicylic acid is dccomposi‘d 
when its warm solution is treated with amnionium or hydrogen sulphide. 

Acetoxyrnercuri salicylic methyl ester yields mercuric sulphide with 
cold alkali sulphides. 

N-Isodiacetoxymercuri- 2 -amino or 4-aminobenzoic acid esters when 
dissolved in acetic acid, and neutralised by ammonium hydroxide, arc 
decomposed by ammonium sulphide, and a similar result is obtained 
when hydroxymercuri- 2 - or 4-aminobenzoic anhydrides are dissolved 
in ammonium hydroxide and treated with ammonium sulphide. The 
sodium salt of 2 :2'-mercuri-bis-4-aminobenzoic acid is stable to hydrogen 
sulphide, and acetoxyrnercuri-4-aminobenzoic ethyl ester only yields 
mercuric sulphide when boiled for a long time with ammonium sulphide. 

The anhydride of a-hydroxymercuri-^-hydroxy-i 8 -phenylpropioiiic 
acid in alkaline solutions only yields mercuric sulphide on long standing 
with ammonium sulphide; but if the j 8 -hydroxy group be replaced by 
methoxy, the decomposition takes place immediately. 

a-Mercuri-di-j8-anhydrohydroxy-j8-phenylpropionic acid is not de¬ 
composed by ammonium sulphide. 

The following compounds when heated with hydrochloric acid yield 
mercuric chloride and an organic acid; The anhydride of o-hydroxy- 
mercuri benzoic acid and the anhydride of a-hydroxymercuri-jS-hydroxy- 
^-phenylpropionic acid, whilst o-chloromercuri benzoic methyl ester 
is decomposed by halogen acids, and cold dilute hydrochloric acid 
eliminates the acetoxyrnercuri group attached to the nitrogen in N- 
isodiacetoxymercuri anthranilic methyl ester. 

Derivatives of Benzoic Acid and its Esters.^ 

Anhydride of o-hydroxymercuri benzoic acid may be prepared 
as follows:— 

1 Bimroth, 5er., 1902, 35 , 2863; Pesci, Atti, R. Accad. Lincei, 1900, [v.], 9 , i. 256; 
1901, [v.], 10 , i. 362, 413 ; Whitmore and Woodward, J, Atner, Chem. Soc., 1926, 48 , 633 : 
Sachs, Ber., 1920, 53 , [B], 1737. ^ 
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1. Mercuric benzoate is heated in an oil-bath to 270° C. until a test 
portion gives no precipitate of mercuric oxide when treated with sodium 
hydroxide. The melt is cooled, powdered, and washed with alcohol 
and ether to free it from benzoic acid. It is then dissolved in a small 
amount of dilute sodium carbonate and carbon dioxide passed through 
the solution, the anhydride being precipitated as a white powder. 

2. Mercuric acetate is heated with benzoic acid until no mercuric 
oxide is obtained by adding sodium hydroxide to a test portion. The 
melt is then treated with ammonium hydroxide to form the ammonium 
salt, from which the anhydride is isolated by adding acetic acid. 

.‘3. Sodium phthalate solution, mercuric acetate, and a little acetic 
acid are boiled for some time, when the anhydride is precipitated. The 
acid is only slightly soluble in all organic solvents, })ut readily soluble 
in dilute alkali or sodium carbonate. The latter solution gives a 
white precipitate with lead acetate, and blue-green with copper acetate. 
Treatment with sodium chloride yields the sodium salt of o-chloro- 
mcreuri benzoic acid, but boiling with hydrochloric acid gives benzoic 
acid and mercuric chloride. Bromine reacts with the anhydride, forming 
o-bromobenzoi(; acid, and this, together with the fact that the anhydride 
can be j)repared from sodium phthalate, prove that the mercury is in 
the ortho position. Pesci states that he also prepared the following 
salts : Ammonium^ iaoamyl and benzylammonium, barium, calcium, aiul 
magnesium. Also bromo- and iodo-mercuri l)enzoic acids are stated to 
have been prepared.^ The sodium salt at 150° C. reacts with ethyl mer¬ 
captan according to the equation : 

Cing.CeH4.CO,H-flISEt=CeH6.C02H+ClHg.SEt2 

o-Ghloromercuri benzoic acid. —The crude anhydride obtained by 
Pesci ^ is dissolved in concentrated sodium chloride and acetic acid added, 
Tlie precipitate is recrystallised from much hot water. It melts with 
decomposition between 222° and 238° C. With ethyl mercaptan it yields 
ethylthiomercuric chloride, EtS.HgCl. The sodium salt of the acid 
in acetone solution gives, with ethyl mercaptan, o-mercaptomercuri- 
benzoic acid, according to the equation : 

/COgNa /COJI 

CellZ +HSEt=CeH 4 < -fNaCl 

MIgCl ^Hg.SEt 

The compound may be recrystallised from acetone, and partly melts 
at 138*5° to 140° C. with decomposition. 

p-Ghloromercuric benzoic acid is obtained from p-tolylmercuric 
chloride by oxidation with alkaline permanganate. It is a white 
amorphous powder which it is impossible to purify. Treatment with 
alcoholic iodine yields p-iodobenzoic acid. Boiling with dilute alcoholic 
sodium hydroxide gives sodium p-hydroxymercuribenzoate. The latter 
salt with aqueous sodium bromide or iodide yields sodiuin p-bromo 

‘ See German Patent, 229575. * Sachs, Ber„ 1920, 53» 1737. 

* Pesci, loc, cit. 
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and p4odomermribenzoate respectively. The ehloro compound reacts 
with phosphorous }>entaehloride in chloroform, ^*iviiig the acid chloride, 
the latter on boilin^^ with n-))utyl alcohol yielding p^chloromerciiri- 
benzoic acid n-buti/I ester, 

o-Mercuri-bis-benzoic acid^ may be obtained either by boiling 
an aqueous solution of the sodium salt of o-sul])hidomercuri benzoic 
acid, S(H^^C(JT!.l.C 02 Na)JJ, or by saponification of o-mercuri-bis-bcnzoic 
methyl ester. It crystallises from alcohol in shining needles, insoluble 
in WHt(‘r, decomposing' when heated, without nudtin^'. 

p-Mercuri-bis-benzoic acid.^ p-Chloromercuril)enzoic acid is 
dissolved in sodium hydroxide and treated with stannous chloride. The 
sodium salt is very soluble in water. 

o-Chloromercuribenzoic methyl ester.^ —Twenty frranis of 
(indy powd(‘rcd mercuric acetate, ‘JO ^^ranis of benzoic methyl ester, and 
3 irrams of ace tic acid are* ^^e iitly boil(‘d, the reaction takintf three* to 
four hours fejr com))lctie)n. TJie mixture is filtereel and evaporated 
in x'ucuo, 19 ^ranis of a yelle)wish eal bein»f obtained. Acetenie is added 
until ne) furtlicr })re‘eipitate is fornu'd, the latter ce)nsistin^' of 5-0 ^^rams 
of diacetoxymercuri <!om]X)und. The* aeete)nc filtrate e)n evaporation 
yields ^frams of yellow resin, which is mainly a mono substitution 
product. It is dissolved in dilute alcohe)! and treateel with sodium 
chloride, when 91 j^rams of the o-chlore:)mereuri compound are de})ositcd. 
It is fairly solul)le in the usual or^umic solve nts, insoluble in water or 
petroleum ether. From dilute alcohol or ethyl acetate it crystallises 
in needles, sinterin^^' at 142° C. and melting- at 1(52° C. Ammonium 
sulphide e)nly sjilits off the mercury on proloiii^ed warmin^^, but hale,)^ren 
aciels, es|)ecially hydriodic acid, readily decompose it. Stannous 
chloride in alkaline solution imm(‘diately reacts, metallic mercury 
separatinpf. 

When the chloride is dissolved in warm methyl alcohol, and treated 
with a methyl alcoholic solution of hydrogen sulphide mol.), which 
has been saturated at al)out 2° C., a white amorphous precipitate 
of sulphidomercuribenzoic methyl ester is obtained. The quantity of 
hydrogen sulphide present is controlled by titration, as excess dissolves 
the sulphide. It is easily soluble in chloroform, benzene, or aniline, 
but only slij>htly in other organic solvents. 

o-Mercuri-bis-benzoic methyl ester, IIg(C 6 H 4 .COOMc) 2 .—Seven 
^rams of the above sulphide are heated for three hours at 120° C., 
then cooled, powdered, and extracted with ethyl acetate. Spontaneous 
evaporation of the solution ^ives 4-1 grams of white crystals. Yield 
90 per cent. When saponified it gives o-mercuri-bis-benzoic acid. 

o-Chloromercuribenzoyl chloride.^ —Five grams of the anhydride 
of o-hydroxymercuribenzoic acid is treated with 15 grams of thionyl 
chloride, when a vigorous reaction takes place accompanied by frothing. 
The solid after filtration consists of microscopic needles and an amorphous 
product, extraction with benzene leaving the bulk of the latter behind. 
From the benzene solution 3-5 grams of substance are obtained, which 
does not completely melt at 173*5° C. Prolonged treatment with 
hydrogen sulphide in ethereal solution gives o-sulphidomercuribenzoyl 

1 Schoeller, Schrauth, and Heuter, Ber„ 1920, 53 , [B], 638; Pesci, Atti, R, Accad, 
Lincei, 1900, [v.], 9 , i. 256; 1901, [v.], 10 , i. 362 413. 

* Whitmore and Woodward, J, Afner, Chem, 80 c,, 1926, 48 , 633. 

* * Schoeller, Scrauth, and Heuter, loc, cit, • Sachs, Her., 1920, 53 , [B], 1737. 
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chloride, S(II^,Cell4.C0Cl ) 2 , which remains unmelted at 230'' C. When 
boiled witli methyl alcohol, the sulphide j)roduces o-chloromercuri 
benzoic methyl ester. 

o-Chloromercuri thiobenzoic ethyl ester is obtained 1 ‘roni 
chloromereuribcnzoyl chloride by dissolving it in hot benzene, and 
adding ethyl mercaptan in benzene solution through a drof)j^iiig funnel. 
It crystallises from alcohol in pale yellow, microscopic, rhomboidal 
plates, M.pt. 142’5'’ to 144-5° C., soluble in ether, benzene, chloroform, 
or acetone. Its constitution is probably represented by 

CllIg.C 6ri4.CO.SKt. 

Derivatives of Tiiiolbenzoic Acid. 

Mercuri-bis-o-thiolbenzoic acid, lIg(S.C 6 lI 4 .CO 2 II ) 2 / ])reparcd 
by the interaction of mercuric cyanide and thiosalicylic acid in aqueous 
solution. It crystallises in needles, M.])t. 250° C., and is j)ractically 
insoluble in water and the usual organic solvents. 

Anhydride of hydroxymercuri thiolbenzoic acid, 

CeU/^ \llf. 

^co,~y 

A solution of thiosalicylic acid in alcohol is treated with water until 
faint turbidity is ])roduced, then an aqueous solution of mercuric acetate 
(1-5 mols.) slowly added. The precipitate is boiled with alcohol 
to remove impurities, then treated with a mixture of ammonium 
hydroxide and carl)onate until comjdetc solution is obtained. The 
latter is filtered hot, and treated wdth acetic acid until faintly opalescent. 
On cooling, the* anhydride crystallises in pale yellow, microsco])ic rods. 
Yield 50 j)er cent. When boiled with a concentrated solution of sodium 
chloride, and the solution filtered and treated with acetic acid, impure 
O'chhrroinercuri thiolbenzoic acid is jirccipitated. When the latter 
compound or the anhydride arc dissolved in concentrated ammonium 
hydroxide, a substance crystallising in })lates, M.pt. 200 ° C. with decom¬ 
position, is produced. Its formula corresponds to CulTieOflNgSoHgs. 
Some niercuri-bis thiolbenzoic acid is also formed. 

Derivatives of Nitrobenzoic Acids. 

o - Mercuri- bis - p - nitrobenzoic acid . 2 —o - Hydroxymercuri - p- 
nitrobenzoic acid (115 grams) is dissolved in about 1500 c.e. of water 
with the aid of sodium hydroxide, and treated with an alkaline solution 
of 100 to 150 grams of stannous chloride, until a filtered tc-st on the 
addition of stannous chloride gives no mercury. The mixture is then 
warmed for a time to complete the reaction and filtered. The filtrate is 
acidified with hydrochloric acid, the com}3ound coming down as a yellow 
powder. It is soluble in water or alcohol, but not in benzene, toluene, 
ethyl acetate, or mineral acids. The sodium salt is a yellow powder, 
soluble in water, the solution giving precipitates with practically all 
metallic salts. 

A similar type of compound has been obtained from m-nitrobenzoic 

1 Sachs and Blessl, Ber., 1926, 58 , [B], 1497. 

^ German Patent, 251332. 
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acid. The reduction in this case is carried out with aluminium turnings 
in alkaline solution. The compound has similar properties to the above, 
PJienol disvlphonic acid and mercuric acetate in equimolecular pro¬ 
portions react to give a compound containing about 40 per cent, of 
mercury. It is soluble in water and does not precipitate albumen in the 
cold.^ 


Derivatives of Salicyeic Acid and its Esters. 



When dry mercury salicylate is heated for a long time at 100° C. it is 
found that a test portion no longer gives a precipitate with sodium 
hydroxide. If the reaction be carried out at 120° C. the change takes 
place more rapidly, and the same product is obtained when equimolec¬ 
ular proportions of freshly precipitated mercuric oxide and salicylic 
acid are heated for a long time on the water-bath in aqueous solution.^ 
It forms a white mass, soluble in alkali, but cannot be crystallised from 
solvents, and is decomposed on heating, without melting. When 
warmed with hydrogen sulphide or alkali sulphides it undergoes decom¬ 
position. The hydroxymercuri group is replaced by the action of iodine, 
o-iodo-salicylic acid being formed, this proving that the mercury occupies 
the ortho position to the hydroxyl group. The comiiound has been 
purified by treating it with ammonium carbonate solution, wdien tlu^ 
ammonium salt is formed, H 0 .Hg.C 6 H 3 . 0 H.C 02 NH 4 , and decomposing 
this by dilute acetic acid.''* 

S-Chloromercuri-salicylic acid, ClHg.CeH3.OH.COOH.— This 
acid is obtained from the corresponding sodium or calcium salts by the 
addition of dilute acetic acid. It crystallises in needles from boiling 
water or methyl alcohol. The sodium and potassium salts are known, 
and the lithium, salt is prepared from the anhydride and lithium cldoride 
solution. Both this and the calcium salt form thin needles, which arc 
more soluble in cold than hot water. Bromomercuri^salicylic acid^ 
obtained by the interaction of the acid and potassium bromide, is pre¬ 
cipitated by acetic acid, and forms colourless crystals, insoluble in water, 
but slightly soluble in boiling alcohol. The corresponding iodomercuri 
acid has also been described. 

Mercuri-bis-salicylic acid.^ —The anhydride of hydroxy mercuri 
salicylic acid (33*6 parts) is dissolved in 5*6 parts of potassium 
hydroxide in 300 parts of water, and a solution of 7-7 parts of sodium 


^ The following patents also deal with benzoic acids: German Patent, 23914, 
o-chlorobenzoic acid, o-iodob('nzoic acid, o-toluic acid. Ibid., 249332, addition to above ; 
1 ; 4 -dimethyl- 2 -benzoic acid, trimethylbenzoic acid, 3 : 4 'dimethoxybenzoic acid, 3 : 5 - 
dibromobenzoic acid. Ibid., 234054, 261875, o-chlorobenzoic acid. Ibid., 290210, sodium 
m-sulphobenzoate. Ibid., 407669, 413835, p-benzyloxybenzoic anhydride and similar 
compounds. 

* Dimroth, Ber„ 1902, 35 , 2873. 

8 Buroni, Gazzetta, 1902, 32 , ii, 305, 311 ; Chem. Zentr., 1903, i; 578; Brieger, Arch. 
Pharm., 1912, 250 , 62; Che^n. Zentr,, 1912, i. 753. 
t * German Patent, 255030. 
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formaldehyde sulphoxylate in about 100 parts of water added with 
stirring. The mixture is left until clear, filtered, and treated with dilute 
acid. The white precipitate is dissolved in sodium hydroxide and 
changed to the sodium salt, which may be obtained in the solid form by 
evaporation in vacuo. The free acid is a white, heavy, water-insoluble 
powder. It has no melting-point, but decomposes at high temperatures. 
It yields salts with alkalies or alkali carbonates. 

By a similar method of reduction a mercuri-bis compound may be 
obtained from mercurated 2-hydroxybenzene sulphonic acid (sodium 
salt). 

More recent investigators ^ contend that salicylic acid can only be 
mercurated to give pure products when mercuric sulphate is used. A 
mixture of the anhydrides of o- and p-hydroocymercuri-salicylic acids is 
formed, the latter yielding p4hiocyanomercuri-salicylic acid with potas¬ 
sium or ammonium thiocyanates, and sodium p-sodium sulphitomercuri- 
salicylate with sodium sulphite. 

3-Chloromercuri-salicylic methyl ester, 

COaMe 

rr 

The ester is obtained by adding sodium chloride to the mother- 
liquors obtained in the preparation of the acetoxy compound described 
below, from which 0 grams of substance are obtainable. It is soluble in 
alcohol, but in other organic solvents less soluble than the acetate. 

Acetoxymercuri-salicylic methyl ester. —Fifteen grams of 
mercuric acetate, an equal weight of the ester, and 2*5 grains of acetic 
acid are boiled under reflux for about forty minutes, until the reaction is 
complete. On cooling, needles separate, and after standing overnight 
these are filtered off. Yield 9 grams, 52 per cent. It melts at 202® C. 
(corr.) and is readily soluble in warm alcohols, ethyl acetate, acetone, or 
chloroform, but with difficulty in water or petroleum ether. In alkali 
it is soluble, but the ester is saponified. 

Sulphidomercuri-salicylic methyl ester, S(Hg.CeHg.OH.COO 
Me) 2 -—To a cold, saturated, alcoholic solution containing 10 grams 
of the acetoxy ester, 85 c.c. of an alkali hydrogen sulphide solution 
saturated at 20° C. are added drop wise. This is the requisite quantity 
required to form the neutral sulphide, and excess should be avoided or 
an acid sulphide is formed, which is markedly soluble. The precipitate 
is filtered off, pressed on a tile and dried in vacuo, 7*5 grams (85 per cent.) 
of a white powder being obtained. It is soluble in chloroform, benzene, 
aniline, dilute aqueous alkali or alkali sulphides. 

Mercuri-bis-salicylic methyl ester, Hg(Cell3.0H.C02Me)2.— 
Ten grams of the above sulphide are heated for six hours at 110° C., and 
the mass powdered and extracted with 120 c.c. of ethyl acetate, 0-8 gram, 
12 per cent., of the ester being isolated. It is soluble in the usual solvents 
and melts at 170° to 180° C. (corr.). 

Acetoxymercuri-salicylic ethyl ester. —This product is not so 
readily formed as the methyl ester, but if the reaction is carried out 
at 180° C. the yield is almost quantitative. It crystallises from ethyl 

^ Rupp and Gersoh, Arch. Pharm., 1927, 265 , 323. 
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acc-tate-ligroin mixture in needles, sintering at 200° C. and melting at 
20G° C. (corr.). 

When 12 grams of the acetate are powdered and dissolved in 120 c.c. 
of cold, saturated sodium thiosulphate solution, a precipitate is im¬ 
mediately thrown down. This is filtered after six hours and dried. 
It consists of mcrcuri-bis-salicylic ethyl ester, 6-2 grams, 82 per cent., 
yield. It melts at 193° C. (corr.) and has similar properties and solu¬ 
bilities to the nicth}'^! compound. 

3-Chloromercuri-5-nitrosalicylic acid.^—5-Nitrosalicylic acid 
is heated with 2 niols. of freshly precipitated mercuric oxide in 
aqueous suspension for twelve hours at 100° C. The resulting orange 
product is filtered, washed, and dried. When warmed with alkali, part 
of the mercury is split off as mercuric oxide and is filtered off. The 
solution is cooled, filtered, and acidified with hydrochloric acid, when a 
precipitate consisting of mono and dimen^urated derivatives is throwm 
down. This is treated with boiling .50 per cent, methyl alcohol, when 
the mono conqiound goes into solution, and the mixture is filtered 
through a hot-water funnel. Both compounds are thus isolated, 
the mono-chloro compound melting at 235° C. and the dichloro at 
238° C. 

Diacetoxymercuri-5-nitrosalicylic acid is obtained by heating 
5-nitrosalicylic acid with 2 mols. of mercuric oxide in hot glacial acetic 
acid, filtering whilst hot and cooling, when white crystals arc dejiosited. 
These are rccrystallised from acetic acid and become pale yellow when 
dry. 

Several cyanoniereuri-salicylic acids have recently bec'ii described, 
but difference of opinion seems to obtain regarding their mode of 
formation.® 


Derivatives of Antiiranilic Acid.^ 

N-Isodiacetoxymercuri-anthranilic methyl ester. —One gram 
of antiiranilic methyl ester is added to a solution of 2*4 grams of 
mercuric acetate dissolved in 25 c.c. of 80 per cent, methyl alcohol. 
Flocks separate in a few minutes, and after about 1 -5 hours no mercury 
ions can be detected when tested for by sodium hydroxide. If allowed 
to stand for a long time the crystals become yellow and change to 
acetoxymcrcuri-anthranilic ester, according to the scheme shown below 
in (I.). To remove any by-products from the iso compound it is 
thoroughly washed with methyl alcohol and dried with ether. When 
its acetic acid solution is neutralised by ammonium hydroxide, then 
treated with ammonium suljihide, a precipitate of mercuric sulphide 
is deposited, showing that the mercury residue is substituted in the 
amino group. When digested with cold dilute hydrochloric acid, an 
acetoxymercuri group is split off, and chloromercuri antiiranilic acid 

1 Raiziss and ProskouriakofT, J. Amer. Chem. Soc., 1922, 44 , 787. 

a Boedecker and Wunstorf, Arch. Pharm., 1925, 263 , 430-; Gersch, ibid., 1926, 
264 , 88 . 

9 The following German patents taken out in 1909 deal with the mercuration of salicylic 
acid derivatives: 224435, 224864,227391,229574,229575, 229781. Ibid., 261875, o-chloro- 
benzoic acid, salicylic acid. German Patent, 30511, British Patent, 161922 (1909), 
hydroxymercuri salicylic anhydrides. German Patent, 216267, salicylsulplionio acid 
(COOH : OH : SOjH—l : 2 : 5). Ibid., 248291, glycol ester of salicylic acid. 

* Schoeller and Hueter, Bcr., 1914, 47 , 1930* 
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methyl ester is formed (II.)* The iso compound is soluble in ammonium 
hydroxide, acetic acid, hot water, and hot alcohols, but insoluble in 
acetone, chloroform, benzene, or petroleum ether. The hot aqueous 
or alcoholic solutions set to a jelly on cooling. 


2CeH4.NH2C02Me+2Hg.0Ac = 

I. 


NH.RgOAc 
/^.COOMe 





iCOOMo 


NH, NHa 

|^|COOMe 
2 CH 3 COOH !^i 

^OAc 


NH, 

Cijr^vAcOHgi'^lCOOMe 

I I 
\/ 

HgOAc 


II. 


NH.HgOAo 
|/^,COOMo 

HgOAc 


NH„ 


,^,COOMc 


-I-3HC1- 


\/ 

HgCI 


+HgCla+2CH3.CO.OH 


Acetoxymercuri-anthranilic methyl ester may be obtained: 

1 . From the preceding N-iso-diacetoxj^ compound. 2-5 grams of the 
latter arc suspended in 15 c.c. of methyl alcohol and O C gram (1 mol.) 
of methyl anthranilate in 2 c.c. of acetic acid added, the whole being 
heated for thirty minutes on the water-bath. The mass is then allowed 
to stand for twenty-four hours in the ice-chest, filtered, and dried in vacuo 
over sulphuric acid. Yield 2*6 grams. 

2. Nine grams of methyl anthranilate is added to a warm solution 
of 22*5 grams of mercuric acetate (1 mol.) in 100 c.c. of methyl 
alcohol containing 10 e.c. of acetic acid. After fifteen minutes’ heating 
at 50° C. the reaction is complete, and the product is cooled overnight in 
ice, when the ester crystallises out in pale yellow needles. These are 
liltcred and washed with methyl alcohol and dry ether. Yield 22 grams, 
90 per cent. The crystals melt to a yellow liquid at 178° to 180° C., 
which decomposes at 180° to 182° C. The compound is readily soluble 
in boiling water, hot alcohols, or acetic acid, sparingly soluble in benzene, 
ethyl acetate or acetone, very slightly soluble in chloroform or petroleum 
ether. 

Diacetoxymercuri-anthranilic methyl ester results as follows:— 

1. Three grams of the N-iso compound are heated with 2-5 grams 
of acetic acid in 20 c.c. of methyl alcohol for about an hour at 50° C. 
The mixture is cooled to 0° C., filtered, washed with methyl alcohol, and 
dried. Yield 2*6 grams, M.pt. 218° to 220° C. 

2. Methyl anthranilate (1 mol.) is heated with 2 mols. of mercuric 
acetate in methyl alcohol-acetic acid mixture at 50° C. until a test gives 
no reaction with ammonium sulphide. The product thus obtained 
melts at 221° to 222° C., is soluble in the usual organic solvents, but less 
readily than the mono-substitution products. The structural formula 
is shown above. 

Ghloromercuri - anthranilic methyl ester is obtained, as 
previously stated, by treating the N-iso compound with cold dilute 
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hydrochloric acid. It also results by the addition of aqueous sodium 
chloride to an alcoholic solution of the acetoxymercuri compound. It 
forms small needles or rods, M.pt. 184° C., soluble in the usual organic 
solvents. The corresponding bromide crystallises in fine needles, M.pt. 
178° (darkening); the iodide sinters at 172° C., melting at 173° to 174° C. 
to a brown liquid. 

Hydroxymercuri anthranillc anhydride, 


NHa 


\/ 

Hg—O 


This compound is obtained as follows : — 

1. The monoaeetoxy compound in aqueous suspension and 2-25 
mols. of Normal sodium hydroxide are boiled for a short time, when the 
acetate group is split off, the sodium salt of hydroxymercuri anthranilic 
acid being formed. The cooled solution is treated with cold Normal sul¬ 
phuric acid, the anhydride being precipitated, filtered, washed with 
water, and dried. 

2. Steam is blown through an equimolecular mixture of pure anthran¬ 
ilic acid and yellow mercuric oxide for two to three hours, until a test 
portion gives a clear solution in alkali. The product is purified by 
solution in sodium hydroxide and precipitation by sulphuric acid. 
Yield 96 per cent. 

The compound is a faint yellow,amorphous powder. Prep. 1 has M.pt. 
212° to 214° C. (darkening). Prep. 2 has M.pt. 210° C. It is readily 
soluble in aqueous potassium iodide, cyanide, or sodium thiosulphate, 
not so easily in potassium bromide, and still less in potassium chloride ; 
rather insoluble in the usual organic solvents. When dissolved in caustic 
alkali or carbonates it may be precipitated unchanged by acids. Aqueous 
alkaline solution gives, with aqueous solutions of heavy metal salts, a 
corresponding salt in the form of an amorf>hous precipitate. The 
copper salt is a bright green substance. The arnmoniacal solution when 
treated with ammonium sulphide and warmed gives a deposit of mercuric 
sulphide. If the hydroxy compound be treated with potassium iodide 
in aqueous solution, iodomercuri-anthranilic acid is deposited as a white 
powder on the addition of the calculated amount of sulphuric acid; 
but if iodine in potassium iodide be used, iodoanthranilic acid is 
produced. 

Dihydroxy mercuri -anthranilic anhydride, 


HOHg~ 


NH, 

^ iCO 


. I 
\/ 
Hg-0 


This substance is prepared in the same way as the preceding anhydride, 
using the diacetoxymercuri compound as the starting material. It is a 
pale yellowish-green, amorphous powder. 

Acetoxymercuri-acetylanthranilic methyl ester, AcOHg.CeHs 
(NHAc).C02Me.—The acetylated ester is heated with mercuric acetate 
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ill an oil-bath for thirty minutes at 120° to 130° C. The excess of ester 
is then extracted with ether and the mercury compound recrystalliscd 
from very dilute alcohol. It crystallises in glistening plates, M.pt. 212° 
C., extremely soluble in all organic solvents except ether or petroleum. 
If the above reaction be carried out in cold methyl alcohol solution, only 
a 10 per cent, yield is obtained in 1-5 days, but tw^o hours’ boiling in 
aqueous solution or seven hours in methyl alcohol completes the reaction. 
The alcoholic mother-liquors from the crystallisation, when treated with 
sodium chloride, give the corresponding c/i^ond^, fine needles from boiling 
ethyl acetate, M.pt. 245° to 246° C. 

Mercuri-bis-anthranilic methyl ester, 


NHa 



NH, 


|/\|COjMe 

I I 
\/ 


Tt ii grams of the acetate in a 75 per cent, alcohol solution are treated 
with a very concentrated aqueous solution containing about 20 grams of 
sodium thiosulphate. A white, amorphous precipitate at once appears, 
and the mixture is raised to 45° C. and maintained at that temj^erature 
for about 1*5 hours. The product is then evaporated in vacuo, when 7-5 
grams of dry substance are obtained. It is purified by dissolving in 
ethyl acetate, filtering, concentrating the solution, then adding petro¬ 
leum eth(‘r dropwise until the mixture becomes ojmlescent. On 
intense cooling, light yellow needles are deposited (4*5 grams, 65 per 
cent.). The ester melts at 196° to 197° C. (corr.) with darkening. 
It is soluble in the usual solvents, with the exce])tion of water and 
petroleum ether. ^ 

Acetoxymercuri-methylanthranilic methyl ester, 

NHMe 

I I 

\/ 

HgOAc 


The ester is obtained in 97 per cent, yield by adding the methyl ester of 
methyl anthranilie acid to mercuric acetate solution in methyl alcohol, 
the reaction being complete in about thirty minutes. It forms fine 
needles, M.pt. 200° C., easily soluble in chloroform, hot acetic acid, boiling 
alcohols, ethyl acetate, acetone, or benzol, slightly soluble in cold 
water. 

The corresponding chloromercuri compound crystallises in white 
needles, M.pt. 210° to 212° C., becoming violet; the bromide has M.pt. 
215° C., turning violet; iodide, needles, M.pt. 190° to 191° C., darkening 
at 185° C. 

Hydroxymercuri-methylanthranilic anhydride. —Prepared in 
the usual manner from the acetoxymercuri compound it is obtained in 
99*2 per cent, yield. It is a greenish-yellow, amorphous precipitate, 
decomposing at 203° C. When prepared from methylanthranilic acid 
and yellow mercuric oxide the reaction is complete in fifteen minutes. 

^ Schoeller, ISchrauth, and Hueter, Ber„ 1920, 53, [B], 642. 
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The iodomercuri'nwthylanthranilic acid may be prepared from it. It 
is more stable towards acids than the uninethylatcd compound, and 
is insoluble in the usual organic solvents. 

Acetoxymercuri - ethylanthranilic ethyl ester, M.])t. 178® C. 
(dccomp.), is soluble in the usual solvents on warming, and crystallises 
from alcohol in needles, the corresponding methyl ester forming needles, 
M.pt. ISQ'^C. 

Acetoxymercuri-dimethylanthranilic methyl ester forms thick, 
lirismatic crystals from methyl alcohol, M.j)t. C., and is easily 

soluble in the common solvents. Prepared in the usual way the reaction 
is complete in about three hours. The chloride forms strongly refracting 
prisms, M.pt. 102° to 163° C.; the bromide, white needles, M.pt. 104° C.; 
iodide, thick })risms, M.j>t. 159° C.; the chloride and bromide contain 
1 mol. of water of crystallisation. 

Sulphatomercuri-dimethylanthranilic acid, SO,,(IIgC6ir3.NMc2. 
00211 ) 2 , 31120 .—The acetoxy compound is boiled for fifteen minutes 
with Normal sodium hydroxide, and the solution treated with Normal 
sulphuric acid. After cooling for twenty-four hours in ice, thick ])risms 
are obtained, which on crystallisation from alcohol form small, white 
needles. These contain 3 mols. of water, and when heated slowly 
decompose towards 180° C. It is easily soluble in hot water, but insoluble 
in the usual organic solvents. It should be noted that when other 
acetoxymercuri compounds are treated in the above manner the anhy¬ 
drides are isolated. 

The chloromercuri derivative is prepared by sa})onifying th(‘ acetoxy 
compound and adding Normal hydrochloric acid. It crystallises from 
boiling water in prisms, M.pt. 175° C. with decomposition, and is spar¬ 
ingly soluble in organic vsol vents. 

6: 6 '-Mercuri-bis- 2 -aminobenzoic acid. —From 30 grams of 
mercury o-nitrobenzoate treated in the same way as the para compound, 
27*5 grams of the anhydride of hydroxynicrcuri-o-nitrobenzoic acid are 
isolated. This is then reduced with ferrous carbonate as before. The 
product is pale yellow, easily soluble in acids or alkalies, and has no 
definite melting-point.^ 


Derivatives oe Meta-aminobenzoic Acid. 

From m-Acetaminobenzoic acid.'^ ~m-Acetaminobeuzoic acid (53 
grams) in sodium hydroxide is treated with a solution of 48 grams of 
mercuric acetate. The precipitate is the mercury salt of m-acetamino- 
benzoie acid, which is dried and heated at 150° to 175° C. until a test 
gives a clear solution in sodium hydroxide. The melt is extracted with 
boiling alcohol, the residue dissolved in sodium hydroxide, and the 
compound precijhtated by hydrochloric acid. It is filtered, dried, and 
recrystallised from methyl alcohol. It forms white needles, melting 
about 200° C., very easily soluble in alkalies. From the aqueous solution 
of the sodium salt other salts may be obtained in the usual way. The 
constitution is as follows :— 


^ The following deal with merourated anthranilic acida: (lorman Patent, 234054, 
anthranilic acid. Ibid,, 248291, methyl ester of mcthylanthranilic acid. 

* German Patent, 264338. 
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NH.Ac 

X\ 

I I 


The method may be varied by hcatin^ m-acetaminobcnzoic acid with 
mercuric oxide in an oil-bath, first at 210° C. until the product becomes 
grey, then for a further two hours at 220° C. If the mercuric oxide be 
replaced by the acetate, heating at 180° C. for three to four hours will 
eom})lete the reaction. 

In a similar way the corresponding m-henzoylaminoheazoic acid 
derivative is ])repared. It melts at about 220° C. with decomposition, 
and has pro})crties similar to tlie acetyl com[)ound. 

Mercuri-bis-3-aminobenzoic acid. -m-Nitroben/oic acid and 
mercuric oxide are heated at 200° C. until the reaction is com})lete. The 
result is tlie nu reurated nitro comj)oimd, and this is reduced in neutral 
solution with aluminium-mercury cou])le at 40° to ,50° C. to the amine. 
It has similar properties to the para compound. 

From p-Aminobenzoic acid: 2:2'-Mercuri-bis-4-aminobenzoic 
acid.^ —Sev(‘nty'-live grams of the mercury salt of p-nitrobcnzoic acid 
is heated at about 225° C. until a test of the reaction product gives a 
clear solution in sodium hydroxide. This usually takes about three 
hours. The mass is then cooled, extracted with alcohol, and dried. The 
dry jwoduct (38 grams) is dissolved in about 000 grams of 15 j)er cent, 
sodium hydroxide and boiled. The boiling solution is treated with a 
solution of ferrous sulphate to bring about the reduction, a})])roximatcly 
225 grams of the iron salt being reijuired. The mixture is filtered and 
the filtrate strongly acidified with hydrochloric acid, the compound 
sej^arating as a voluminous precipitate. It is insoluble in the usual 
solvents, but dissolves in alkalies or hot hydrochloric acid, a crystalline 
hydrochloride separating from the latter in fine, microscopic needles. 
The sodium salt of the acid is a pale yellowy crystalline powder, easily 
soluble in water, the solution becoming brown on standing for a long 
time. When hydrogen suliihide is passed through the solution no mer¬ 
curic sulphide is jirecipitated. The constitution is as follows 


NH, 

NH, 

/\ 

1 1 

1^1 

IJ—H.- 

_i 1 

\/ 

COOH 

COOH 


It may also be obtained by alkaline or neutral reduction of the deriva¬ 
tives of hydroxymercuri-p-nitrobcnzoic acid.‘^ 

N-Isodiacetoxymercuri-p-aminobenzoic ethyl ester.^— 

NH.HgOAc 

|/\|HgOAc 

I I 


^ (xerman Patent, 249725. 

* See Blumenthal and Opponheim, Biochem, Zeit.t 1913, S7» 261. 
3 Schooller, Schrauth, and Liese, Ber., 1919, 52 , [B], 1777. 
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Two grams of the ethyl ester (1 mol.) in 10 c.c. of methyl alcohol 
are added to 8 grams of mercuric acetate (2 mols.) in 50 c.c. of the 
same solvent, and the mixture allowed to stand for a day. A pale 
yellow, non-crystalline product separates out, and this is filtered and 
washed with methyl alcohol and ether. Yield 7*7 grams, 93 per cent. 
It cannot be recrystallised, melts about 245° C., and is soluble in am¬ 
monium hydroxide, acetic acid or mineral acids, but with decomposition 
in the latter; in the usual organic solvents it is practically insoluble. 
Its acetic acid solution after neutralisation with ammonium hydroxide 
splits off mercuric sulphide when treated with cold ammonium 
sulphide. 

When dissolved iji acetic acid-methyl alcohol mixture and warmed, 
then treated with aqueous sodium chloride, chloromereuri-p-aminobenzoic 
ethyl ester is precipitated. 


NH.HgOAo 
|-^|HgOAc 

CO.Et 


+3NaCl+CHsCO.OH 


NHj, 

COgEt 


+ HgOh-f.3CH3CO.ONa 


The same product may be obtained by treating the acetate with 
sodium chloride. The yield by the first method is 94 per cent., and 
when recrystallised from ethyl acetate the M.pt. is 223° C. 

Mercuric acetate salt of acetoxymercuri-p-aminobenzoic acid 
ethyl ester, 

CJH 3 .COaH.NH-Hg-NH.CH 3 .CO 3 H 

Ac.OHg|/^l |/\.HgOAc 

11 

\/ \/ 

COjEt COgEt 


Four grams of the ethyl ester of p-aminobenzoie acid in 8 c.e. of methyl 
alcohol are mixed with 8-4 c.c. of mercuric acetate in 10 c.c. of methyl 
alcohol and 8 c.c. of acetic acid. The salt soon separates, and is filtered 
and washed with alcohol and ether. Yield 8 grams. It ibrms micro¬ 
scopic, rhombic crystals, M.pt. 230° to 240° C., is soluble in ammonium 
hydroxide or acids with decomposition, and to a slight extent in cold 
methyl alcohol, ethyl acetate, or acetone. Ammonium sulphide decom¬ 
poses it in the cold. When the substance is dissolved in methyl alcohol 
containing a small quantity of acetic acid, treated with dilute acetic 
acid, then with Normal sodium chloride solution, chlorornercuri-p- 
aminobenzoic ethyl ester is precipitated. The filtrate is made alkaline 
with ammonium hydroxide, and the solution saturated with hydrogen 
sulphide, mercuric sulphide being obtained in a quantity correspond¬ 
ing to one-third of the mercury originally present in the mercuric 
acetate salt. 

When the substance is boiled with methyl alcohol for about two 
hours, N-isodiacetoxymercuri-p-aminobenzoic ethyl ester separates out, 
and if the mother-liquors are diluted with water, acetoxymercuri- 
p-aminobenzoic acid ethyl ester, M.pt. 228° C., is obtained. 

If the methyl alcohol in the above operation be replaced by acetic 
acid, the resulting products are the mono- and diacetoxymercuri com¬ 
pounds. These changes are shown below : 
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NH.Hg.OAc 

,/^Hg.OAc 
I 4- 

I I ^ 
V 

CO,Et 



I 1“^-' 
I I 
\/ 
COjEt 


+2CH,C0.0H 


NH, 

AcO.Hg/\Hg.OAc /^Hg.OAc 


+ 


V" 

CO,Et 


I I*' 

'J 

COaEt 


Acetoxymercuri-p-aminobenzoic ethyl ester. —A mixture of 
ti grams of the ethyl ester and 6-3 grams of mercuric acetate is lieated 
in a glycerine bath. At 130° C. the mass beconu^s liquid and acetic 
acid is evolved, and as the temperature rises to 100° C. the melt solidifies. 
The product is cooled, pulverised, and extracted with methyl alcohol, 
the solution partly eva])orated and diluted with hot water. The acetate 
crystallises in shining, bushy needles as the solution cools. Yield 
2-3 grams. 

Using the same quantity of starting material and carrying out the 
mercuration in acetic acid solution, the reaction takes twenty-four hours, 
and 3*3 grams of product are isolated. Both methods give a certain 
amount of diacetoxymercuri derivative, which remains behind during 
the methyl alcohol extraction. 

The compound melts at 182° C., then solidifies, and melts again at 
228° C. It is only slightly soluble in ether or petroleum ether, but 
soluble in other organic solvents. With ammonium sulphide it gives 
a yellow sulphide, but prolonged boiling with this reagent precipitates 
black mercuric sulphide. It is converted to the chloromercuri compound 
when treated with sodium chloride. 

Hydroxymercuri-p-aminobenzoic anhydride, 

NHg 

1^1 Hg 

'\/’ I 

co~o 


The preceding acetoxymercuri compound (3-1 grams) is powdered, sus¬ 
pended in 40 c.c. of water and boiled for a short time with 16-5 c.c. of 
Normal sodium hydroxide (2*25 mols.). The addition of 9-2 c.c. (1-25 
mols.) of Normal sulphuric acid precipitates the anhydride in white 
flocks, excess of acid being avoided or the anhydride will dissolve, form¬ 
ing salts. Yield 2 4 grams. It is only slightly soluble in the usual 
solvents. The ammoniacal solution gives mercuric sulphide, if warmed 
with ammonium sulphide. It dissolves in water, and aqueous solutions 
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of potassium chloride, iodide, or sodium thiosulphate; whilst in bases it 
is soluble, forming salts. 

Diacetoxymercuri-p-aminobenzoic ethyl ester. —One method 
of preparation has already been mentioned and two others are available. 

(a) By heatin^^ the N-iso compound with acetic acid; {b) 1 ^ram of the 
ethyl ester in 3 c.c. of acetic acid is treated with 4-2 i^rams (2 mols.) of 
rnercurie acetate in 10 c.c. of the same solvent. After several days 
the crystals are liltered off and washed with methyl alcohol and ether. 
Yield 1*4 grams. Jt melts at 25.5° to 257° C., and is rather insoluble, 
except in acetic acid or ethyl acetate. Heating with acetic anhydride 
in acetic acid solution produces an acetyl derivative, line needles from 
dilute al(!ohol, M.pt. 247° C. The addition of hot Normal sodium chloride 
solution to the compound in methyl alcoliol-acetic acid mixture gives a 
theoretical yield of the dlchhromercuri compound. It crystallises in 
small needles, which melt at about 270° 

Mercuri-bis-p-aminobenzoic ethyl ester, IIg(C(,lI;i.Nll.jj.CO. 
OEt)^.- The corres])onding chloromercuri body is heated with at|ueous 
sodium thiosulphate, a floceulent ])reeipitate soon forming. This crystal¬ 
lises from ethyl acetate in shining needles, M.pt. 170° C.** 

Derivatives of Cinnamic Acid and its Esters. 

Biilman ^ has shown that wdien the malenoid forms of compounds 
containing olehne linkages contain two negative groups, they react 
with mercuric salts to form complex mercury compounds. Since 
allocinnainic atid reacts with mercuric chloride in this manner, whilst 
ordinary cinnamic acid docs not, the conclusion has been drawn that 
the allociunamic acid has the cis conliguration. 

Anhydride of a-hydroxymercuri-j8-hydroxy-j8-phenylpropionic 
acid,^ 

Cells-CII-CII-C-O 

I I I 

OH Hg-0 

This substance is prepared by adding a hot solution of mercuric acetate 
to a boiling aqueous solution of allocinnamic acid. It crystallises in 
colourless microscopic crystals, which have neutral projierties. Its 
alkaline solutions are not affected by ammonium sul})hide, unless allowed 
to stand for a considerable time, when mercuric sulphide separates out. 
When heated with hydrochloric acid, mercuric chloride and ordinary 
cinnamic acid arc produced. The anhydride reacts with potassium 
iodide according to the equation ; 

yCOg 

HO.CHCeH5.CH< | +2KI-fH20=H0.CHC6ll5.CIl2.C00K+Hgl2+K0H 

\Hg 

^ p-Aminobenzoic acid isobutyl ester is dealt with in Cjerman Patent, 248291. 

2 For mechanism of mercuration of 3-acetamino-4-hydroxy benzoate and sodium 
aminobenzoates, see Maschuraun, Amialen, 1920, 450 , 85, 98. For diaininodiphenyl- 
dicarboxylic acids, see Blumenthal, Biochem. Zeit., 1911, 32 , 59; 1912, 39 , 50; 1914, 65 , 

460 ; Chem. Zentr,, 1911, i. 1523 ; 1912, i. 1631; 1914, i. 1245. Arylaminosulphonic acids 
are dealt with in German Patent, 281009. Sulphoplienol carboxylic acids, German 
Patent, 410969. 

3 Biilmann, Ber,, 1902, 35 , 2756. 

< Biilmann and Bjerrum, Ber., 1910, 43 , 568. 
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a - Acetoxymercuri - jS - methoxy - ^ - phenylpropionic methyl 
estet* ^ 

C 0 H 5 —CII-Clf—COoMc 

I I 

OMe Hg.OAc 

Mercuric acetate (10-G grams) is dissolved in 100 to 120 c.c. of warm 
metliyj alcohol and 10 grams of methyl einnamate stirred in. After 
six hours the reaetion is eom]:»lete, and in two days 18 grams of }>roduct 
are obtained. Yield 05 ])er cent. Jt is easily soluble in the usual 
organic solvents, and crystallises from ethyl acetate in warty needles, 
M.pt. 140-5° C. (corr.); from methyl alcohol spear-shaped crystals arc 
de})osited which change in four to six days to prisms. The acetoxy¬ 
mercuri grou]) reacts in the usual way with alkali halides, forming a 
chloride, short needles, M.pt. 13.3-5° C. (corr.); needles, M.pt. 

110-5° C.; iodide, needles, M.pt. 100 ° C. The acetoxymercuri group 
may also be replaced by sodium diethylbarbiturate when the corre¬ 
sponding vtTonal com])ound is formed. 

Anhydride of a-hydroxymercuri-^-methoxy - - phenylpro¬ 

pionic acid, 

C (II-CIl- C =0 

I I I 

OMe H{T—O 

This derivative is obtained in a pure state when the preceding compound 
is sa])onificd by heating with Normal sodium hydroxide and then Normal 
suli)liuric acid added. It decomposes at about 187° C., and its solution 
in ammonium hydroxide yields mercuric sulphide immediately when 
treated with ammonium sulphide, whilst its alkali solutions give pre¬ 
cipitates w’ith acpjeous solutions of the salts of heavy metals. 

a-Acetoxymercuri-)3-ethoxy-j8-phenylpropionic methyl ester. 
—The ])re])aration is carried out as for the methoxy com|)ound, but 
the methyl alcohol is in this case replaced by ethyl alcohol. It crys¬ 
tallises from ethyl acetate in long needles, M.pt. 123° C., easily soluble 
in most organic solvents. When treated with alcoholic ammonium 
sulphide, /S-ethoxy-jS-phenylprojnonic methyl ester is formed, as a colour¬ 
less oil, B.pt. 250° C. (corr .).2 The chloride crystallises in needles, M.pt. 
114° C.; the bromide in small needles, M.pt. 85° C.; the iodide in small 
prisms, M.pt. 71° C. The internal anhydride may be prc])ared by warm¬ 
ing 3 grams of ester with 15 c.c. of Normal sodium hydroxide until a 
clear solution is obtained, and then adding 10 c.c. of Normal sulphuric 
acid. It decomposes at 191° C. (corr.). 

The following derivatives are prepared in a similar manner to the 
methoxy compound and the change of alkyloxy group is brought about 
by carrying out the rnercuration in the corresponding alcohol. 

a - Acetoxymercuri - j3 - pr opoxy - jS - phenylpropionic methyl ester 
yields white, matted needles, M.pt. 135-5° C. (corr.), very soluble in 
the usual solvents. The yield is about 71 per cent, after two weeks’ 
standing. Tlie chloride, bromide, and iodide crystallise in needles, 
melting at 109°, 84°, and 84° C. respectively. The internal anhydride 
decomposes at 188° C. (corr.). 

a - Acetoxymercuri - jS - isopropoxy - jS - phenylpropionic methyl 

^ Schrauth, Schoeller, and Struensee, Ber., 1910, 43 , 695. 

® Schrauth, Schoeller, and Struensee, Ber., 1911, 44 , 1048, 1432. 
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ester occurs as white, felted needles, M.pt. 150® C. (corr.); the anhydride 
decomposes at 191° C. 

a - Acetoxymercuri - j3 - isobutoxy - j8- phenylpropionic methyl 
ester yields white needles, M.pt. 154° C. (corr.), the reaction taking 
eight days for completion. The anhydride decomposes at 193°‘C. (corr.). 

a-Acetoxymercuri-jS-methoxy-jS-phenylpropionic ethyl ester 
is much more difiicult to obtain than the methyl ester, the reacting sub¬ 
stances being allowed to stand for twelve days before being removed. 
The compound crystallises in prisms, M.pt. 107° C.; yield 45 ])er cent. 
A similar yield of the corresponding benzyl ester may be obtained in a 
few days. This substance crystallises in long, silky needles, M.pt. 127° C.^ 
A compound has also been obtained from allyl cinnainate by treat¬ 
ing it with 2 mols. of mercuric acetate in methyl alcohol solution. 
Sodium chloride solution is added, and the oil which first separates 
solidifies on standing. The formula assigned to the substance is 

C6H5.0MeCH.CH(HgCl).C02CJl2.CH0Me.CH2HgCl 

It is readily soluble in alcohol, chloroform, benzene, or ethyl acetate, 
and is precijiitated from its sodium hydroxide solution by sulphuric 
acid. 

a-Mercuri-di-jS-anhydrohydroxy-jS-phehylpropionic acid.— 

When the anhydride of a-hydroxymcrcuri-j3-methoxy-j8-phenylpro- 
pionic acid is moistened with alcohol, then susjiended in water, and 
potassium iodide added until a solution is obtained, the addition of 
Normal sulphuric acid gives a white, flocculcnt precipitate. It crys¬ 
tallises from alcohol in shining rhombic leaflets, M.pt. 200° C. with decom¬ 
position. It acts as a dibasic acid, and does not yield mercuric sulphide 
when treated with ammonium sulphide. Probable constitution : 

CO.JI 


COgH 

a - Acetoxymercuri - jS - methoxy - j3 - phenylpropionic 1 - menthyl 
ester.^— 1-Menthyl cinnamate in methyl alcohol is treated with mercuric 
acetate in the usual way. It melts at 95° to 105° C. and gives the value, 
—23* 1° in chloroform solution. 

When the compound is treated with sodium bromide in methyl 
alcohol solution, the a-bromomercuri derivative is formed. This has been 
isolated as two optical isomerides: the first has M.pt. 145° to 146° 
C., [a] —48*6°; the second has M.pt. 134° to 135° C., [a]D^® +61-9°. 

Similarly the iodide is obtained as a mixture of the two isomerides, 
M.pt. 126° to 128° C., +65-89°, and M.pt. 102° to 103° C., [a]r,2S 

—24-27° respectively. Only one chloride, however, has been obtained, 
M.pt. 150° to 152° C., [a]D2®-45-08°.» 

From jS-Hydroxynaphthoic acid.^—To a boiling solution of 1-88 
grams of p-hydroxynaphthoic acid in 25 c.c. of 96 per cent, alcohol, a 
solution of 3-2 grams of mercuric acetate in 25 c.c. of boiling water is 

' See German Patent, 228877. 

* Sandborn and Marvel, J, Amer. Ckem, Soc.^ 1926, 48 , 1409. 

» The following deal with tyrosine .- German Patents, 267411, 267412, 279957. 

^ * Brieger and Schulemann, J, prakt, Chem,, 1914, 89 , 97. 


CeHfi—CH-CH~ 

I I 

O Ilg 

C«Hs—CII-CH- 
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added with shaking. A yellowish-white precipitate is obtained which 
is readily soluble in sodium hydroxide, but not acted upon by cold 
ammonium sulphide. This is filtered and washed first with 96 per cent, 
alcohol, then with much water and dried over calcium chloride in vacuo. 
The preparation is a pale yellow, fine powder, insoluble in all organic 
solvents. It is soluble in alkali, imparting a j:)ale yellow colour to the 
solution. This solution when treated with stannous chloride gives 
metallic mercury. It therefore contains no preparation of the tyj^c 
R“Hg—R. With iodine in potassium iodide the mercury is removed, 
and a compound of j3-hydroxynaphthoic acid formed. Since the analysis 
for mercury is somewhat low in compound I., it has been suggested that 
salt formation takes place between the merenrated product and the 
excess of acid present, giving compound II., as excess of naphthoic acid 
cannot be removed by careful washing with alcohol. The same com- 
])ound is also obtained when the acid is mercurated by means of mercuric 
oxide. The above facts arc represented by the following formuhe: - 


Hg- 

1 I r" 


\y\/ 
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Hg — 

I I I 
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A dimercurihydroxy nai)hthoic acid cannot be obtained, and mcrcura- 
tion of j8-hydroxynaphthoic-4:7-disulphonic acid has not been very 
successful. 




CHAPTER X. 


MERCURY {coniimied). 

Miscellaneous Mercury Derivatives of Oroanic Compounds. 

MEUCVRY COMPOUNDS DERIVED FROM OLEFINES. 

The (‘onipoiinds formed from llie ethyleiies have ^iveii rise to eon- 
siderablc discussion. The forinuhe assigned to them are very eom])lex, 
and no two investii^ators seem in agreement as to tlieir constitution. 
This is probably due to experiments not bein^‘ carried out under standard 
conditions. Hofmann and Sand ' divide tbe compounds obtained by 
tlie action of ethylene on mercuric salts into the lollowin^f types : — 

1 . Etliene mercury salts, CHo^CH.H^X 

2 . Polymerised ethene mercury salts, (CgH^Hj^X)^ 

3. Ethanol mercury salts, OH.CH 2 .CH 2 .H^^X 

4. Ethyl ether mercury salts, 0 (CH 2 .CH 2 .H^^X )2 

The formation of these types is explained on the assumption that tJic 
mercuric salt, H^Xg, ionises into H^^X and X ions, which combine with 
the ethylene to form CH 2 X.CH 2 .H^X. If such a com])ound loses its 
hydrogen halide it forms an ethene compound. Hydrolysis of the com¬ 
pound would form an ethanol salt, whilst ])artial hydrolysis and coup¬ 
ling with the oritrinal compound would «‘ivc the ether ty])e, if hydroj^en 
halide were lost. 

They draw the following distinction between ethanol salts (I) and 
ether salts (II):— 

1 . An alkaline solution of (I) in })otassium iodide remains clear, but 
(II) gives a white precipitate. 

2 . An alkaline solution of (I) gives a white preei})itate with potassium 
sulphide, soluble in hot potassium hydroxide; (II) gives a white pre¬ 
cipitate, insoluble in boiling potassium hydroxide. 

3. The halogen-free alkaline solutions of ether salts yield insoluble 
carbonates, whilst the ethanol salts do not. 

Manchot and his co-workers have criticised the above types and 
consider them to be molecular addition compounds. Their arguments 
will be found when discussing the respective comjiounds. 

In the case of the acetylene compounds very little satisfactory work 
has been accomplished, and with both ethylenes and acetylenes only 
such work as has given more or less definite results has been included in 
the following pages. 

The references given on the next page should be taken along with 
those given in the text by anyone desiring a more complete knowledge 
of the work done on these compounds. 

' Hofmann and Sand, Bev.^ 1900, 33 , 1340, 2692. 
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Ethylene^^ butylene and amylene,^ acetylene,^ isojjrojjyl acetylene.^ 

Ethanol mercuric chloride, CHgOH.Cllg.IIgCl.® EthyJeiic is 
passed into a nearly saturated solution of mercuric cliloride, and a 
double salt of the ethanol compound with mercuric chloride is obtained. 
This is washed free from other compounds and recrystallised from s])irit. 
It forms j)lates, soluble in potassium hydroxide, from which solution 
carbon dioxide precipitates ethanol mercuric chloride. The chloride is 
also formed by the action of ethylene on saturated mercuric acetate, 
treating the solution, with ]K)tassium chloride, then precipitatin;^r the 
com])ound by carbon dioxide. It melts at ISS"" C. 

This compound with potassium cyanide or concentrated acids (not 
acclic acid) yields ethylene. From an aqueous solution of the chloride, 
hydro^^cn sulphide preci])itatcs all the mercury as sulphide, but Irom 
an alkaline solution potassium hydrosulphidc ])rccipitates etlumol 
mercuric sul^Mde (ClL/lUCTl 

Ethanol mercuric bromide is prej)ared in a similar manner to 
the chloride. It has also been formed frotn the mothcr-li([uor obtained 
in the ])roduction of ethanol mercuric sulphate by Lhc action of ethylene 
on mercuric sulphate. The liquor is saturated with ammonia, I hen 
treated with acetic acid, the i^rcy-black residue liltercd olT anti potassium 
bromide added to the filtrate, the bromide separating' out.^* It crys¬ 
tallises from alcohol in thin, jrlistenino' ])latcs, M.pt. 158^ C., which 
yield ethylene when treated with 20 ]>er cent, hydrochloric acid at 15"" C. 
A similar n^sult takes place with 30 per cent, acetic acid, the re¬ 
action becoming more ra])id on heatin<ij. Cold sodium and ammonium 
hydroxides ^ive clear solutions from which ammonium sulphide throws 
down a white j)recii)itate. Uy bromine in alcohol, thc^ bromide is oxidised 
to bromomercuri acetic acid, lI^Br.CUg.FOOll. Sodium ethylate with 
an alcoholic solution of the bromide precipitates a white powder, 



Cllg—O 


which melts indefinitely at 110° C., is soluble in water and alkali, from 
which solution dilute acids ^ive a white precipitate. 

Evaporation of the bromide with acetic anhydride* ,i»ives an acetyl 
derivative, ll^Br.ClIg.Cllg.OAc, lustrous leaflets, M.pt. 75° C., which 
with hydrochloric acid yield ethylene. 

When oxidised by j)crinanganate the bromide is converted mainly 
into oxalic acid, bromomercuri acetic acid being formed at the same 
time.'^ 

^ Sand and Breest, Zeitsch, amrg, Cham., 1907, 59 , 424; Sand, Bcr„ 1901, 34 , 1385; 
Anmlen, 1903, 329 , 138. 

2 Deniges, BvU. Soc. chrm., 1898, [3], 19 , 494. 

® Plimpton, Proc. Ghem. *S'oc., 1892, 8 , 110 ; Keist'r, Amr, Cktm. */., 1893, 15 , 537; 
Plimpton and Travers, Trans. Ghem. Soc., 1894, 65 , 260 ; Biginelli, Ghem. Zentr.^ 1898, i. 925; 
Le Comte, J. Pharm, Ghim., 1902, [ 6 ], 16 , 297 ; Ghem. Zcntr.f 1902, ii. 1499; Burkard and 
Travers, Trans. Ghem. Soc., 1902 , 81 ,1270; Biltz, Ber., 1905, 38 , 133; Bramo, Trans. Ghetn. 
Soc., 1905, 87 , 427 ; Nieuwland and Maguire, J. Amer. Ghem. Soc., 1900, 28 , 1025 ; French 
Patent, 479050, Ghem. Abs., 1914, ii, 870; Swiss Patent, 74440, Ghem. Abs., 2027; Patents 
Ghem. Abs., 1918, 12 , 42, 280, 484, 560, 588. 

* Perkin, Ghem. Abs., 1913, 7 , 2095; British Patent, 277 (1913). 

* Hofmann and Sand, Ber., 1900, 33 , 1340, 2692. 

* Biilmann, Ber., 1900, 33 , 1641. 

’ Sand and Singer, Anneden, 1903, 329 , 106, 
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Ethanol mercuric sulphate, (CH 20 H.CH 2 .Hg) 2 S 04 . —Ethylene is 
passed into a solution of mercuric sulphate, and the sulphate is precipi¬ 
tated as a white crystalline body. It is easily soluble in warm water/not 
decomposed on boiling with ammonium hydroxide, and gives a white pre¬ 
cipitate with ammonium sulphide. Although stable to boiling alkali, it is 
decomposed by boiling acid, mercuric sulphate being formed. Concen¬ 
trated hydrochloric acid decojnposes it with the evolution of ethylene. 

Ethene mercuric iodide, dig—CM- -Ilg- I.—A solution of 
mercuric nitrate is treated with potassium hydroxide until a slight pre¬ 
cipitate is formed. The latter is then dissolved by passing in ethylene, 
more potassium hydroxide is added to gi\'c a ])recipitate and more 
ethylene passed in. This process is repeated until no more ethylene is 
alxsorbed. Potassium iodide solution is added and carbon dioxide 
passed in, glistening sih er plates of the iodide being preci])itatcd. It 
melts at 147® C., is easily soluble in hot alcohol and fairly soluble in hot 
water. It is decomposed by hydrochloric acid or potassium cyanide 
with evolution of ethylene. Boiling with mercuric oxide and potassium 
hydroxide yields the insoluble form of dirnercuri acetic acid, (IIOHg) 
(ilg)C.C06lI.^ The iodide is easily soluble in alcoholic potash, cither 
the hydroxide, Cllg—CH.IIgOII, or the anhydride, CHg.CIIa.Hg.O, 

being formed, and the alkaline solution of this compound when boiled 
with methyl iodide regenerates the iodide. At 150° C. methyl iodide 
decomposes the iodide, forming mercuric iodide and hydrocarbon. 
Reduction in alkaline solution by sodium amalgam or electrolysis gives 
ethyl alcohol.2 When ethanol mercuric chloride in methyl alcohol 
solution is treated with silver nitrate, ethene mercury nitrate is formed, 
CHg^CH.lIgNOa. It crystallises in strongly refracting plates, easily 
soluble in water and exploding when heated. The addition of a little 
dilute hydrochloric acid to the aqueous solution precipitates ethanol 
mercuric chloride. 

Ethyl ether mercuric chloride, (HgCl.CH2.CH2)20.—Ethylene 
is passed into a nearly neutral solution of mercuric sulphate, a sulphate 
of composition C 6 Hg 4 (S 04 ) 204 lIio being precipitated. This is dissolved 
in 10 per cent, potassium hydroxide, potassium chloride added, and 
carbon dioxide ])assed in. The precipitated chloride melts at about 190° C., 
is slightly soluble in water, alcohol, or ether. The corresponding bromide 
is obtained by substituting potassium bromide for the chloride. It is a 
fine, white powder, has a similar solubility to the chloride, and sinters 
above 200° C. It only reacts very slowly with dilute hydrochloric or 
acetic acid, whereas the ethanol salt is readily attacked. It dissolves 
in sodium hydroxide, forming a clear solution. 

An alkaline solution of the sulphate when treated with carbon 
dioxide yields the carbonate, [(Hg.CH 2 .CH 2 ) 20 ]C 02 . 

An ethene mercuric iodide of the polymerised type (CgHsHgl)® is 
formed by the action of potassium iodide on the sulphate. It crystal¬ 
lises from alkali in platelets, M.pt. 161° C. 

An analogous mlphide is obtained from an alkaline solution of the 
sulphate by the action of potassium hydrosulphide. It is a white 
precipitate, unchanged by boiling with water, and is insoluble in hot 
potassium hydroxide. 

^ ^ Hofmann and Sand, Ber,, 1901, 34 , 1385, 2906. 

> Sand and Singer, Ber.» 1902, 35 , 3180 
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Mercurodiethyiene oxide, O : (€ 2114 ) 2 : Hgg.^—^Ethyl ether mer¬ 
curic bromide dissolved in 10 per cent, potassium hydroxide is treated 
with an alkaline stannite solution until no further precipitate is obtained. 
The grey-violet product is decanted, washed, and dried over sulphuric 
acid. Yield nearly quantitative. It is a bluish-black precipitate, 
sintering at 80° C. and melting at 140° to 150° C., insoluble in water, 
alkalies, and the usual organic solvents. It is completely decomposed 
by hot hydrochloric acid, and when heated with benzene in a sealed 
tube at 140° C. is converted into mercury and the mercuric compound. 
Mercuridiethylene oxide, 

XH2-CH2V 

0< >Hg 

Prepared as just described, it crystallises from benzene in glistening, 
colourless needles, M.pt. 145° C., insoluble in water, alkali, or dilute 
mineral acids, but readily soluble in most organic solvents, except 
ether and acetone. It is not decomposed when heated with potassium 
hj^droxide, iodide, or cyanide, but with fuming hydrochloric acid it 
gives a theoretical yield of ethylene.^ 

Mancliot and Klug ^ criticise the above work of Hofmann and Sand, 
and advance arguments against the structures given above, in favour 
of additive formuhe. Their points arc : 

1 . Hofmann and Sand’s formula does not explain why the com¬ 
pound of the type CH 2 OH.CH 2 .ngX is immediately decomposed, by 
halogen acids wHth the evolution of ethylene, whereas it is stable towards 
other acids. According to Manchot, a similar result is obtained by 
potassium cyanide or thiocyanate in the presence of acids. 

2 . The reaction is caused by all those substances which combine 
with mercuric halides to yield additive compounds of the type HgClg. 
2 HCI, and may be expressed by the equations : 

C2H4.0H.HgCl4-HCl.—C2H4.HgCl2-fH20 

and 

C 2 H 4 .HgCl 2 f 2 HCl^HgCl 3 . 2 HCl +C2H4 

8 . It was shown by Sand that the complex C 2 H 4 .Hg(OH) is univalent 
and that the dichromate was prepared by Manchot and expressed as 

[C2H4.Hg{0H)]2Cr20, 

4 . The decomposition by iodine of the ethylcnic compounds con¬ 
taining mercury is more readily explained by the additive formula. 
It is assumed that the iodine displaces the oxygen, followed by the addi¬ 
tion of oxygen at the double bond, thus yielding CH 2 I.CH 2 .OH and 
0 (CHa.CH 2 l )2 ^respectively. 

5. According to Sand’s formula, the ethanol mercuric iodide should 
yield propyl alcohol when treated with methyl iodide, whereas methyl 
alcohol, ethylene, and mercuric iodide are obtained. 

1 Sand, Ber„ 1901, 34 , 2910. 

« Sioehr, J. praJet. Chem„ 1897, [2j, 55 , 80. 

* Manchot and Kliig, Anrialen, 1920, 420 , 170. 
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6. Ethyl ether mercuric salts yield ethylene when heated with 
methyl iodide at 110® C., 

and this is also advanced to support the additive structure. 

Acetoxymercuri-ethyl methyl ether, Ac0II^».Cll2.CIl2.0Mc.^— 
Mercuric acetate (20 grains, 85 per cent.) is shaken with 100 c.e. of 
methyl alcohol, and air-free ethylene passed in. The absorption is 
measured, and in one hour at 22® C. and 7C0 mm., 1400 e.c. of ethylene are 
absorbed. When the reaction k complete the mixture is distilled under 
reduced pressure to remove the alcohol and acetic acid, and a yellow, oily 
liquid remains. This after standing for twenty-four hours in vacuo over 
suli)huric acid and caustic alkali solidifies (17 grams). Yield 82 per 
cent. It crystallises from petroleum ether in fine needles, M.pt. 42® C., 
easily soluble in water and the usual solvents. Treated with a little 
hydrochloric acid in aqueous solution it yields the chloride^ but with 
excess of hydrochloric acid ethylene is evolved on gentle warming. 
With ammonium sulphide a white amorphous sulphide is precipitated 
which splits off mercuric suljdiidc on warming. Sodium stannitc 
solution gives metallic mercury in the cold. The acetate decolorises 
permanganate and ethereal iodine solutions. 

The bromide is obtained by treating the alcoholic ac(*tatc with 
aqueous potassium bromide. It crystallises in small bushes of white 
needles, M.pt. 58® C., which arc readily soluble in all the usual solvents, 
except light petroleum. The corresponding iodide crystallises in white 
needles or plates, not j)articularly stable. 

Acetoxymercuri-dimethyl ether is prepared in the same way as 
the preceding compound, but the reaction takes longer to complete. 
Yield 95 per cent. It forms line white needles, sintering at 83® C. and 
melting at 30® C. The chloride yields white needles, M.pt. 92® C., and 
when heated with methyl iodide at 100® (!. practically 1 mol. of 
ethylene is produced and mercuric iodide formed. 

Since these compounds arc readily decomposed by halogen acids 
yielding ethylene, and the latter is evolved when they are treated with 
alkyl iodides, the following constitution has been proposed ^: 

C2H4.IIg(OEt)X 

Propanol mercuric chloride,^ CHa.CHOIT.CHg.IIgCl.—Propylene 
is passed into an alkaline solution of mercuric nitrate, and the required 
amount of ])otassium chloride added. After twelve hours, carbon 
dioxide is passed in and the solution extracted with ether. It crystallises 
from this solvent in prisms, melting at about 53® C. Instead of using 
mercuric nitrate, the acetate may be used, but not the sulphate, as a 
yellow precipitate is then obtained which contains much basic sulphate. 

The corresponding bromide is prepared similarly to the chloride, but 
in this case the salt is precipitated by the carbon dioxide. It is 
recrystallised from absolute alcohol-ether mixture and melts at 76® C. 
The iodi^ crystallises in needles, M.pt. 68® C., from benzene or ether. 
It is easily soluble in absolute alcohol, sparingly in carbon disulphide, 

^ Sohoeller, Schrauth, and Essers, Ber., 1913, 46 , 2864. 

* Manchot, Ber„ 1920, 53 , [BJ, 984. 

*vSand and Hofmann, Ber,, IWO, 33 , 1353 ; Sand and Gensslcr, ibid.^ 1903, 36 , 3699. 



MERCURY. 


185 


benzene, or water. When an alkaline solution of the chloride or bromide 
is treated with hydrogen sulphide, a white sulphide is precipitated, this 
in time dissolving with the formation of a hydrosulphkk. 

Dibromomercuri-di-isopropyl ether is obtained by dissolving 
the bromide in alcohol and j)assing carbon dioxide into the solution. It 
may be purified by solution in pure potassium hydroxide and ))reci|)ita- 
tion by carbon dioxide. It is a heavy, crystalline ])ovvdcr, insoluble in 
organic solvents, and has no melting-])oint. When dissolved in alkali 
and treated with jiotassium iodide solution, the iodide is obtained. This 
may be reerystallis(‘d from boiling })otassiuni hydroxide. It has similar 
jiropcrties to the bromide. The structure of these compounds is as 
follows :— 


ClI 3 CIT3 

I I 

cn o- €11 

I I 

xiig C1I3 ( ir, -HgX 

Butanol mercuric chloride.^ —Isobutylene, (CTl 3 ) 2 C ^C'll^, con¬ 
taining a little })seudohutylcne, CII 3 .CII -CII.CH 3 , wlieu passed into 
an acjueous solution of mercuric chloride, only slowly deposits a white 
micro-crystalline com])ound. If, however, mercuric acetate is used, the 
absorption of the mixture of butylenes is ra])id, and the solution becomes 
intense red, the addition of potassium hydroxide only ]>recipitating a 
little mercuric oxide. Potassium chloride is added, the solution allowed 
to stand for twenty-four hours, and treated with carbon dioxide. In the 
case of the l)romide, the compound is precipitated at this stage, but to 
obtain the (*h!oride the solution is extracted with ether, from which this 
salt crystallises. It melts at 52^ €., ajid is easily soluble in alcohol, ether, 
water, or benzene. The bromide* crystallises in glistening prisms, M.})t. 

C., the ether solution forming a com])ound with ammonia having the 
composition IIO.C 4 Hg.IIgBr.NII 3 . 

Butene mercuric iodide, C^HyHgl.—When potassium iodide is 
used in the above preparation. Sand and Hofmann state that a butanol 
compound is not obtained, but the butene derivative. It crystallises 
in s])ears from ether, and prisms from benzene or carbon disuljdude. 
All the above substances with 20 per cent, hydrochloric acid gi>'e a 
(piantitative yield of olefine and mercuric salt. 

When isobutylejie is ])asscd into neutral mercuric sulphate solution, 
it gives an intensely yellow ]K)wdcr of complex composition. This is 
insoluble in 10 per cent, sulphuric acid, and on boiling with sodium 
chloride a mixture of calomel and a red chloride, C 4 Cl 4 Hg 4 ( 0 H) 6 ,H 20 , is 
obtained. 

Mercury trichloroethylene, Hg(CCl=CCl 2 ) 2 »—^Trichloroethylene 
is shaken for several days with an alkaline solution of mercuric cyanide. 
An oil separates out, the excess of trichloroethylene is removed by 
evaporation, and the residue recrystallised from ether. It crystallises 
in colourless, strongly refracting plates, melting at 83° C., easily soluble 
in alcohol or ether. It is decomposed by yellow ammonium sulphide, 
mercuric sulphide separating out. 


^ Sand and Hofmann, loc. cit. 
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MERCURY COMPOUNDS DERIVED FROM ACETYLENES, 

Products from Mercuric Chloride, —When pure acetylene is passed 
into mercuric chloride solution a white precipitate is obtained, to which 
Hofmann ^ gave the structure : 

(ClHg)2C— CCI 2 

Biltz and Mumm ^ state that this compound is really a trichloro- 
mercuri-acetaldehyde, C(HgCl) 3 .CH(). Tlie evidence put forward is that 
the analysis corresponds to this formula, and also that the following 
equation may represent the reaction : 

C2H2+3HgCl24H20=C(HgCl)3.CHO+3HCl 

The equation is based on the fact that the compound when boiled 
with hydrochloric acid yields 3 mols. of hydrogen chloride and acetal¬ 
dehyde. Chlorine water converts it into mercuric chloride and chloral: 

C(IIgCl )3CH0 + 3 C 1 2 -CCI3.CHO + 3 HgCl 2 

With an aqueous suspension or a potassium iodide solution of iodine, only 
mercuric iodide is isolated. Permanganate in the })rescnce of sulphuric 
acid converts it directly to carbon dioxide and mercuric salts, whereas 
Hofmann stated that trichloromercuri acetic acid was formed. Later,® 
Hofmann admitted that his compound was so rapidly hydrolysed by 
water that he could not obtain a preparation free from oxygen. He 
therefore considered his com})ound to be an aldehyde. When heated 
wnth aqueous potassium cyanide, trichloromercuri acetaldehyde yields 
aldehyde resin, mercuric cyanide, and metallic mercury. No preeijntate 
is formed when acetylene is passed through an aqueous solution of 
mercuric chloride containing an excess of sodium chloride. 

Manchot * considers that this trichloromercuri acetaldehyde is 
merely an additive product of vinyl alcohol. 

Although not obtained by the direct action of ethylene, a body to 
which an ethylenic structure has been assigned is obtained when diethyl 
ether is shaken with mercury oxychloride. It has been styled vinyl 
oxymercurochloride, CH 2 —CH.OHg.O.TIg 2 Cl 2 .^ If boiled for a long time 
with potassium hydroxide solution, and the residue in alkaline solution 
treated with nitric acid, a colourless compound is precipitated, 
CH~C.Ilg 2 (OH) 2 .Hg 2 (OH) 2 . It will be noted that the compound has 
assumed an acetylenic structure, and has been named “ acetylene- 
mercury,^^ Treated with glacial acetic acid it yields a crystalline acetate^ 
CH=C.Hg 2 .(OAc) 2 .Hg(OAc) 2 , decomposing at 100° C. or when boiled 
with water. When nitric acid is added to an alkaline solution of vinyl 
oxymercurochloride, colourless acetylenemercury oxychloride is precipi¬ 
tated, CH—C.HgO.HgClg. It is an amorphous powder, insoluble in 
nitric or hydrochloric acids, ammonium hydroxide, or alkali carbonates, 
but readily soluble in potassium hydroxide. It is not explosive, but 
when heated volatilises, leaving a carbon residue. 

^ Hofmann, Ber,, 1899, 32 , 870. 

* Biltz and Mumm, Her., 1904, 37 , 4417. 

» Hofmann, Her., 1904, 37 , 4459. 

^ Manchot, AnThahn^ 1918, 4 x 7 , 93. 

* Poleck and ThUmmel, Ber,, 1899, 22 , 2863. 
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From Mercuric Nitrate.^ —By passing acetylene into a cold solution 
of mercuric nitrate for fifteen to twenty minutes, Hofmann obtained 
a compound to which he assigned the formula, C 2 Hg 2 ^^ 4 H. lie 
also mentions a compound, CgHgaNOgll, to which he ascribed the 
constitution, 

N 03 .Hg.c|<^||'’^jo.CHO 

as being prepared in the following manner : 20 grams of yellow mercuric 
oxide in 70 c.c. of 30 per cent, nitric acid and 500 c.e. of water is treated 
with acetylene for two hours at 18° C. A greyish-white, powdery 
])recipitate is obtained. This is mixed with 150 c.c. of 8 per cent, nitric 
acid, and allowed to stand for six hours at room temperature, and after 
repeating the operation three times the product is filtered, washed with 
ak;ohol and ether, and dried in vacuo. If acetylene be passed into hot 
mercuric nitrate, some mercury separates as well as the above product. 

When boiling mercuric nitrate solution is saturated with acetylene 
the composition of the jirccipitatc is IlgC^CHg.IIgNO^.IIgO. This 
yields acetaldehyde when treated with dilute acids. 

If the mercuric nitrate solution contains an (‘xcess of potassium 
nitrite and 1 per cent, nitric acid and acetylene be passed into the cold 
mixture, nitrito-dimcrcuracetaldehyd^ is ])reeipitated as a bright yellow 
powder. It is explosive, and is proved to be a nitrite by its behaviour 
towards a-naphthylaminc in the presence of acetic and hydrochloric 
acids. 

From Mercuric Oxide. ^—When acetylene is passed through a sus- 
jiension of mercuric oxide in boiling phosphoric acid, density 115, or 
in 30 per cent, sulphuric acid, acetaldehyde is produced. 

From Mercuric Chlorate and Perchlorate.^ - Chloratotrimercuriacetahle- 
hyde, C 103 .Hg.C(Hg 20 ).CH 0 , is obtained by passing acetylene into 
an aqueous solution of mercuric chlorate or a mixture of sodium chlorate 
and mercuric nitrate. The precipitate obtained is digested wdth 
3 per cent, hydrochloric acid. The compound is less explosive than 
eldoratodimcrcuracetaldehyde. If the perchlorate is substituted for 
the chlorate, perchloratomercuracetaldehyde is formed, the substance 
being less sensitive to shock than the chlorate. 

From Mercuric Bromide.^ —When acetylene is left in contact with 
the bromide and water at 100° C. in a sealed flask acetaldehyde is 
formed, and methyl acetylene under similar conditions yields acetone. 

Methyl Acetylene,^ —When methyl acetylene (allylene) is passed 
into mercuric chloride solution at ordinary temperatures, a white, 
crystalline precipitate is obtained. Kutscheroff gave its constitution 
as 3HgCl2.3Hg0.2C3n4, whilst Biltx and Murnm consider it to be a 
trichloromercuri acetone., CH 3 .CO.C(HgCl)jj. The product is insoluble 
in water or cold alcohol, but is decomposed by acids, with the formation 
of acetone and mercuric salts. The reaction between methyl acetylene 

1 Hofmann, i5cr,, 1898, 31 , 2212, 2783 ; Erdmann and Kothner, Zeitsch. amrg. Chem., 
1898, l 8 , 48 ; Kothner, Ber., 1898, 31 , 2475. 

® Hofmann, B&r., 1905, 38 , 1999. 

“ Erdmann and Kothner, Zeitsch. anorg. Chem., 1898, 18 , 48. 

* Hofmann, Ber., 1905, 38 , 1999. 

* Kutscheroff, Her., 1881, X 4 , 1540. 

* Kutscheroff, Ber., 1884, 17 , 13 ; Biltz and Murnm, Ber., 1904, 37 , 4417. 
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and mercuric bromide takes place to a less extent, and in the case of 
mercuric iodide no reaction can be perceived. 

A comj^ound, II^t(C 31 I 3 ) 2 , is obtained by the action of methyl acety¬ 
lene on alkaline solutions of mercuric iodide in potassium iodide, or 
mercuric chloride. It melts at 203° to 204° C. with slight darkening.^ 
Methyl acetylene witli mercuric sulphate gives a compound which 
Kutscheroff designates as IIgS 04 . 5 ng 0 . 3 C 3 H 4 . 7 lTg 0 , and with mer¬ 
curic acetate a white amorphous precipitate, lIgAc.3Hg0.2C3H4. 

Ethyl acetylene gives compounds analogous to those from the 
methyl derivative. They dissolve readily in hydrochloric acid, yielding 
iiK'thyl ethyl ketone, aiul Bilt/ and Mumm consider the comi)ound from 
mercuri(‘ chloride to be irichUnomcrcitH-rnethyl ethyl ketone. The com¬ 
pound from alkaline mercuric iodide forms long white needles, M.pt. 
102° to 103° C. from 95 per cent, alcohol. Ethyl n-huiyl acetylene and 
ethyl jy'f'opyl acetylene are said to yield derivatives with mercuric chloride, 
but the com])ounds have not been analysed.^ The mclting-])oints of 
the compound^' obtained from other mono-substituted acetylenes by 
the action of alkaline mercuric iodide are as follows: tert.-hutylacetylene, 
M.pt. 91° to 92° C.; n-amyl acetylene, M.])t. 01° C.; n-octylacctylene, M.])t. 
83° to 84° (\3 

Mercury chloroacetylide, IIg((!EzCCl ) 2 .^ — This compound is 
formed: (1) By shaking sym.-dichloroethylene with mercuric cyanide 
and aqueous potassium hydroxide solution; (2) the gas obtained by 
heating trichloroethylene with alcoholic })otassium hydroxide is washed 
with water and concentrated suli)huric acid, then passed into an 
alkaline mercuric cyanide solution. The product is obtained as a white 
preeijutate. which crystallises from ether in thin (piadratic plates, M.])t. 
185° C’., decomposing with explosion at 195° C. It is jiot attacked 
by concentrated hydrochloric acid, but Avith an ethereal solution of 
iodine, when exposed to sunlight, it yields chloro tri-iodocthylcne, 
CClI-CI^. 

Mercury bromoacetylide is j)rcpared as above, using dibromo- 
ethylene or tri])romoethylene. It crystallises in thin, rectangular 
plates, decomposing at 153° to 155° C., readily detonating when rubbed 
on a tile. It is decomposed by boiling with potassium cyanide solution 
or dilute hydrochloric acid, yielding bromoaeetylcne, and is volatile 
in steam. With mercuric bromide it forms an addition compound. 

When a mixture of hydrogen and monochloroacetylene is passed 
into a saturated aqueous solution of mercuric chloride, trichloromercuri- 
acetic acid, G(lIgCl) 3 .C 02 lI, is precipitated as a crystalline powder. 
This is decomposed by hydrochloric acid, yielding acetic acid and 
merc\iric chloride, but in cold })otassium hydroxide solution a poly¬ 
merised form of the acid is obtained. When the mercuric chloride solu 
tion contains sodium acetate, chloroacctylcne gives dichloromonohydroxy- 
trimercuri-acetic acid, IIg0lI.C(HgCl)2.C02H. From its solution in 
potassium hydroxide, carbon dioxide precipitates trihydroxymercuri- 
acetic acid. 


C(Hg0H)3.C02H. 


^ Julinsun and M‘Ewen, ./. Aimr. 6 'Aem. Soc., 192(), 48 , 472. 
a Behai, BuU. Soc. chim., 1888, [2j, 49 , 581 ; A?m, Chim, Phys,, 1888, [ 6 ], 15 , 415. 
® Johnson and M‘Ewcn, loc. cM. 

« Hofmann and Kirmreuther, Ber,, 1908, 41 , 314 ; 1909, 42 , 4232. 
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Products from Phenylacetylene,^ 

From Mercuric Chloride, —A white, insoluble, amorphous solid is 
obtained. This when boiled with hydrochloric acid and steam distilled 
yields acetophenone, but if steam distilled after addition of the acid 
some phenyl acetylene is also obtained. 

From Mercuric Bromide, —In this case a yellow, erystallinc substance 
is formed, whi(*h yields ])hcnylacctylcne and acetophenone if treated 
with concentrated hydrochloric acid and steam distilled. 

Mercury phenyl acetylide, llg(CfiH 5 .C£r.C) 2 , is formed when 
mercuric oxide reacts with ])henylacetylcne. 'Fhis compound has 
been more recently obtained ^ by dropping a solution of 1 equivalent 
of ])henylacetylene in 20 volumes of 95 per cent, alcohol into a cooled, 
dilute solution of 2 equivalents of alkaline mercuric iodide, the mixture 
beiniT mechanically stirred. The product separates as a white, crys¬ 
talline precipitate if the acetylene solution is not added too rapidly; 
in the latter case the product is at first sticky, but becomes crystalline 
on standi n^r. The alkaline mercuric iodide is prepared as follows : 
GO tirrams of mercuric chloride are dissolved in a solution of 1G3 grains 
of potassium iodide in 108 c.c. of water, and 125 e.c. of 10 per cent. aq. 
sodium hydroxide added. The above crystalline preci})itate is stirred for 
two or three minutes, then liltcrcd and washed with 50 per cent, alcohol. 
The mixture should not be allowed to stand too lon^^ before filtration, 
or secondary reactions set in. The crude jiroduct is recrystallised from 
benzene or 05 ]Kir cent, alcohol. From the latter it forms flittering 
white leaflets, M.jDt. 121-5'’ to 125'’ C. It is moderately soluble in cold 
ether or alcohol, readily soluble in chloroform, benzene, or hot alcohol. 

Tlic following substituted acetylenes are prepared in a similar 
manner:— 

Mercury benzyl acetylide is purified by solution in hot benzene 
and ])rcci])itation by petroleum ether, then crystallisation from hot, 
absolute alcohol. It forms white needles, M.pt. lOG ^'* to 107-5° C. 

Mercury phenyl ethyl acetylide occurs as small, white crvstals, 
M.pt. 88-5° to 84-5° C. 

Mercury p-tolyl acetylide yields long, white needles, M.pt. 199° 
to 202° C.; yield 75 percent. It is moderately soluble in w^arm benzene 
or toluene, slightly soluble in cold, s})aringly soluble in ether or boiling 
alcohol, and almost insoluble in cold alcohol. 

Mercury p-anisyl acetylide forms small, white crystals from toluene, 
M.})t. 207° to 209° C., when rapidly heated. When heated slowiy, the 
salt turns brown before the melting-point is reached. 

Mercury hexahydrobenzyl acetylide yields long, white needles, 
M.pt. 104° C. ; yield 78 per cent. 

Mercury phenoxymethyl acetylide gives long, white needles, M.pt. 
120-5° to 121° C. ; yield 84 per cent. 

Mercury tribromoethylene, —Acetylene tetrabromide is shaken 
for about ten hours with alkaline mercuric cyanide solution. A crys¬ 
talline deposit is obtained, which after crystallisation from ether yields 
monoclinic prisms, the parameters of which are a : b : c=1-4829 : 1 : 
0-5G37 ; j8=105° 2G', M.pt. 141° C. With yellow ammonium sulphide 

1 Manchot and Haas, Annalen, 1913, 399 , 123; Biltz And Reinkober, Annalen, 1914, 
404 , 219; Nef, Annalen, 1899, 308 , 299. 

2 Johnson and M‘Ewon, J, Amer. Chem, Soc., 1926, 48 , 472. 
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it gives tribromoethylene, but is not decomposed by boiling water or 
10 per cent, hydrochloric acid.^ 

Vinyl bromide 2 (monobromoethylene) gives a white, amorphous 
compound when heated with mercuric acetate at 100*^ C., the product 
probably being a compound of acetaldehyde with mercurous bromide. 

Mercuration of Styrol (phenylethylene).®—Two grams of styrol with 
a solution of 10 grams of mercuric acetate in 170 c.c. of water are shaken 
for eight hours and the reaction product poured into 10 per cent, 
sodium chloride solution. The product is easily decomposed, and with 
sodium hydroxide becomes yellow, with ammonium sulphide black. It 
crystallises from water in plates, M.pt. 112° C., the aqueous solution 
having an odour of styrol, which becomes intense on warming. A 
similar product is obtained if a mixture of mercuric^ chloride and 
acetate is used. The composition is given as SCgHg.SHgOlICl.HgCla- 

When styryl ethyl ether is warmed at 50° C. with an aqueous solution 
containing 3 mols. of mercuric acetate, and poured after two hours 
into 10 per cent, sodium chloride, a white precipitate is obtained.^ The 
substance formulated as CHPh™CII.OH. 2 lIgC 10 n, partially melts 
about 120° C., is stable towards dilute acids, but decomposed by hydro¬ 
chloric acid, yielding phenylacetaldehyde. 

DERIVATIVES OE CYGLO^ AND DIGYCLO-PENTADIENE^ 

Cyclopentadiene when shaken with an alcoholic solution of mercuric 
chloride and sodium acetate gives a heavy white precipitate of di- 
chloromercuri cyclopentadiene, C 5 H 4 (HgCl ) 2 , insolublein all solvents. 

Ghloromercuri methoxy dicyclopentadiene. —To 35 grams of 
mercuric chloride in 200 c.c. of acetone-free methyl alcohol, 5 c.c. of 
dicyclopentadiene are added, and the mixture allowed to stand for two 
days at 15° C. It is then filtered, and the filtrate added to boiling water 
until turbidity disappears, and on cooling the compound is deposited in 
shining crystals. Yield 10 to 12 grams. It is obtained in pale yellow 
needles, M.pt. 133° C., when recrystallised from aqueous methyl alcohol 
(1:2). In alcohols, ether, acetone, benzene, or acetic acid it is readily 
soluble, also in hot alkali. Boiling potassium cyanide solution or acids 
convert it into dicyclopentadiene and mercuric salts. When its solution 
in concentrated sulphuric acid is warmed it assumes a pink coloration, 
with a green fluorescence. 

If the methyl alcohol in the above preparation is replaced by ethyl 
alcohol, the corresponding ethoxy compound is formed. It crystallises 
from aqueous alcohol in prisms, M.pt. 98° C. 

The amyloxy compound is a heavy oil, which solidifies at —12° C., 
and is soluble in hot methyl alcohol, from which solution it may be 
precipitated by the addition of water. 

ALKYL AND ARYL MERCURIC ALKYL XANTHATES,^ 

To the alcoholic solutions of the alkyl or aryl mercuric hydroxides, 
obtained from the corresponding chlorides by treatment with sodium 

' Hofmann and Kirmreuther, Ber„ 1908, 41 , 314 ; 1909, 42 , 4232. 

2 Saytzeff and Glinsky, Jahresber., 1867, 663 ; Zeitach, Ghem., 1867, [2], 3 , 676 ; BnU, 
Soc. chim., 1868, [2], 9 , 474. * Manchot, Annahn, 1920, 421 , 316. 

* Manchot, Haas, and Mahrlein, Anrialen^ 1918, 4 x 7 , 93. 

* Thiele, Ber., 1901,34, 71; Hofmann and Seiler, Rer., 1 ^) 6 , 39 , 3187, 

* Koten and Adams, f Amer, Chem, Soc,, 1924, 46 ,2767. 
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hydroxide in 200 c.c. of absolute alcohol^ 15 c.c. of carbon disulphide 
are added. A slight evolution of heat is noticed, and a faint yellow colour 
develops. Partial evaporation at room temperature precipitates the 
compounds, which are recrystalliscd from 95 j)er cent, alcohol. The 
products arc white, and the yields average 70 per cent. They are 
soluble in ether, chloroform, or hot alcohol, but insoluble in water. 
Exposure to sunlight causes them to blacken. Iodine in chloroform 
solution decomposes the compounds, forming the corresponding alkyl 
or aryl iodides and a yellow oil. The following substances have been 
obtained : methylmercuric methyl cranihate^ CH 3 O — CS — SHgCHg, 
M.pt. 59° C. ; nudhylmercMric ethyl ocanthate, M.pt. 69° C. ; ethyl- 
mercuric ethyl xanthatc, M.])t. 53° C.; n-propyhnercuric ethyl xanthule, 
M.pt. 38° to 39° C.; n-butylmercuric ethyl a:anthaU\ oil; p-tolylmercurie 
ethyl xanthate, M.pt. 128° C.; p-iolylmercurie methyl xanthnte, M.pt. 145° 
C. ; benzylmercuric ethyl xarithate, M.pt. 74° C. 

DERIVATIVES OF SUBSTITUTED ARYLOXY^FATTY ACIDS.^ 

From Thymoxy-acetic Acid, —One hundred parts of the acid are sus¬ 
pended in 2500 parts of water and mixed with a solution of 160 parts of 
mercuric acetate. After warming for one hour at 70° to 80° C. an 
insoluble sandy powder separates. It is purified by solution in strong 
alkali and precipitation by carbon dioxide. It is insoluble in the usual 
organic solvents, but readily soluble in alkali. The mercury is split off 
again when heated with dilute hydrochloric acid. Tlie compound has 
the following constitution :— 


Me 



In the same way the following acids may be mercurated : a-guiacol- 
propionic acidy a-cravoxy-propionic acid, o-chlorophenylglycollie acid, 
naphthol fatty acids or salicyloary-acetic-acid or their derivatives.^ 

DERIVATIVES OF HYDRAZINES,^ 

A solution of 30 grams of ethyl hydrazinecarboxylate in 150 
c.c. of water is added to 63 grams of freshly precipitated mercuric 
oxide suspended in 1 litre of water. A violent gas evolution soon 
takes place and heat is developed. The yellow colour of the 
mercuric oxide disappears, and the mass becomes dirty green. After 
the reaction subsides, the whole is left for several hours, then boiled 
and filtered. The residue is boiled up several times, with about 
500 c.c. of water, and from the filtrate colourless needles separate on 
cooling. These are recrystallised from much water or a little benzene 

^ German Patent, 261229 cf, American Patent, 1074781; British Patent, 4075 (1913). 

* German Patent, 264267, deals with the combination of the above type of deriva¬ 
tive from phenoxyaoetic acid with alanine to form a water-soluble double compound. 
The compound of o-chlorphenoxyacetio acid is combined with sodium diethylbarbiturate. 
The mercury compounds may be replaced by the derivatives of pyrocatechol glycollic acid, 
P'oresoxyvalerianio acid or xylenol butyric acid, and the alanine and sodium diethyl barbit¬ 
urate by urea, acid amides or imides, caffeine or polypeptides ; cf. German Patent, 261875. 

* Diels and Uthemann, Ber,, 1920, 53 , [B.] 723. 
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or toluene. Yield 5 grains. The compound melts at 155'' C. and has 
the followinfr constitution :— 

CallsOX.N-N.COaCglls 

I I 

cjigO.c.ir^T ir^.co^cjrs 

It is decomposed by hydrocldoric acid into ethyl hydrazodicarboxyl- 
ate, mercuric chloride, carbon monoxide, and alcohol ; by ])ipcridine 
into (‘thyl hydrazodicarboxylatc, mercury, and pipcrylurethane ; by 
bromine into ethyl azodi carboxyl ate, mercuric bromide, and ethyl 
bromoformate. 

A similar derivative is formed from methyl hydrazine carboxylate. 
It jnelts at 215° C. and lias similar properties to the ethyl comjiound. 

DEltJVATIVK OF PYRfMWINE.^ 

Sixty parts of freshly precipitated mercuric oxide and 50 {)arts of 
2 : C-dihydroxy-4-imino-dihydropyrimidine-.‘3-aectic acid (sodium salt) in 
200 parts of water are shaken for ten hours. The greater part of the 
m(‘rcuric oxide dissolve's. 'Phe filtrate is concentrated in vacuo and 
the residue treated with ])ure alcohol, the mercury derivative beiii)^ 
precipitated [)ure in a crystalline form. It is extremely soluble in water, 
alkalies, or carbonates, insoluble in alcohol, ether, chloroform, or 
benzene. The compound has the constitution : ^ 

Nil-CO 

I I 

CO c-=ll^r 

I I 

N-C-NH 

I 

CIIg.COgNa 

DERIVATIVES OF SALICYL AND NITROSAJACYLALDEIIYDESA 

3 : 5-Diacetoxymercun salicylaldehyde. —Ten j^rams of the alde¬ 
hyde and 52 ^rrams of mercuric acetate are dissolved in 500 c.c. of 50 per 
cent, alcohol containing 5 c.c. of acetic acid, and heated for one hour at 
100° C. From the cold, filtered solution 32 grains of crude diacetate 
are obtained, the filtrate yieldin^f a further 10 grams if left overnight. 
The addition of sodium chloride to the filtrate gives 8 grams of dichloro 
compound. 

The diacetatc is soluble in acetic acid, but insoluble in other solvents. 
It crystallises in needles, M.pt. 234° C. with decomposition. It is 
solu])le in aqueous sodium hydroxide, and when boiled with alcoholic 
potassium iodide the mercury is split off and salicylaldehyde and [>otas- 
sium hydroxide formed. With hydroxylamine or j^henylhydrazine, 
metallic mercury is precipitated. 

The above dichloro compound is insoluble in organic solvents and 
docs not melt at 270° C. 

^ Gorman Patent, 224491. 

2 For derivatives of j 3 yramidone, see Weehuizen, Chem. Zentr., 190G, ii. 1628 ; Oliveri- 
Mandal4, Gazzetta-, 1921, $ 1 , i. 125. 

® Whitmore and Middleton, J. Amer. Chem. Soc., 1923, 45 , 1330 ; Henry and Sharp, 
Trans. Chem. Soc., 1922, 121 , 1055. 
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3(?)-Chloromercuri salicylaldehyde, —Ten grams of aldehyde 
in 2 litres of water are treated with 26 grams of mercuric acetate, and 
the mixture mechanically stirred until no mercury ions can be detected in 
a test portiori after filtering. Filtration yields S grams of diacetate, and 
sodium chloride precipitates 19 grams of a mixture of mono and dichloro 
<'ompound from tlic filtrate. Ilcpeated extraction with boiling alcohol 
gives 5 grams of pure monoehloromercuri salicylaldehyde, M.i)t. 189° to 
190° C. When this is suspended in chloroform and treated with one 
molecular proportion of iodine, an iodosalieylaldehyde, M.pt. 52° to 58° C., 
is isolated, tS-iodosalicylaldehyde melting at 55° C. 

3-Acetoxymercuri-5-nitrosalicylaldehyde. —^Twelve grams of 
the aldehyde and 23 grams of mercuric acetate in 400 c.c. of alcohol and 
5 c.c. of acetic acid an* heated for oi^c hour at 100° C. Filtration gives 
20 grams of product, which dej)osits })alc yellow crystals from acetic acid, 
which do not melt at 200° C. Its solution in sodium hydroxide is yellow, 
and when acidified with liydroehloric acid gives the corres|3onding 
ehlorule. This is insoluble in organic solv^ents and does not melt at 
200° C. 

5 - Acetoxymercuri - 3 - nitrosalicylaldehyde. —Four grams of 
aldehyde and 7 grams of mercuric acetate when treated as above give 
9 grams of the compound. It is insoluble in organic solvents and does 
not melt at 200° C. 

Condensaiioti of the foregoing Mercurated Salicylaldehydes with 
Aromatic Amines» 

2 : S-Diacetoxymercuri salicylal aniline. —Five grams of the di¬ 
acetate in 10 c.c. of hot aniline give 5*5 grams of a brick-red, amorphous 
product, insoluble in organic solvents and not melting at 200° C. A 
similar product is obtained from p-toluidinc. p-Aminobenzoic acid gives 
a deep red, insolu})le j)owder, and anthranilic acid a similar compound. 

3(?)-Chloromercuri salicylal aniline yields flat, yellow plates, 
M.pt. 182° to 181“ C., insoluble in organic solvents. 

3-Hydroxymercuri-5-nitrosalicylal aniline anhydride, 

o 

II 

C„H5N=CH|/\|Hg 

I I 
\/ 

II 

0 =N—O 

is obtained by condensation between 3-acetoxymercuri-5-nitrosalicyl 
aldehyde and aniline, 1 mol. of acetic acid being lost during the con¬ 
densation or on drying. It is a red, amorphous product, insoluble in 
organic solvents, but soluble in alkali. 

3-Chloromercuri-5-nitrosalicylal aniline is an orange-red 
compound. 

DERIVATIVES OF META AND P^HYDROXYBENZALDEHYDES AND 
THEIR NITRO COMPOUNDS! 

2 - Acetoxymercuri - 3 - hydroxybenzaldehyde, AcO.Hg.CoHg 
(OII).CIIO.—One molecular proportion of the aldehyde in 50 per cent, 
alcohol is mixed with one molecular proportion of mercuric acetate 

^ Henry and Sharp, Trana. Chem. 8oc„ 1922, I2i, 1056. 
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in 50 per cent, alcohol containing 1 per cent, of acetic acid. The 
mixture is boiled under reflux and the reaction mixture concentrated, 
when a precipitate separates. This is filtered off, washed with water, 
alcohol, and ether, and dried. Recrystallisation from alcohol containing 
5 per cent, of acetic acid gives colourless needles, M.pt. 185° to 186° C. 
(corr.) with decomposition. It is soluble in sodium hydroxide, and is 
coloured yellow by sulphuric acid. Iodine in potassium iodide solution 
converts it into iodo-m-hydroxybenzaldehyde, and potassium per¬ 
manganate in acetone solution oxidises it to an iodo-m-hydroxy- 
benzoic acid. Potassium nitrate in sul})huric acid below 0° C. gives 
2-nitro-8-hydroxybenzaldehyde. 

4:5- Anhydro - 3 - acetoxymercuri - 5 - hydroxymercuri- 
4-hydroxybenzaIdehyde, 

CH0|/\-Hg 

I I_k 

\/ ® 

Hg.OAc 

When the preceding method is applied to p-hydroxybenzaldehyde, this 
anhydro derivative is produced. It is a colourless, crystalline powder, 
insoluble in water and most organic solvents, and has no melting point. 
It is soluble in hot acetic acid, being converted into S: 5-diacetoxydi- 
viercuri-4f-hydroxybenzaldehyde, minute, colourless, glistening plates 
being deposited as the solution cools. This compound darkens on 
heating, but does not melt below 300° C. The diacetoxy derivative 
gives a turbid solution in sodium hydroxide, from which carbon dioxide 
precipitates 3: ^-diJiydroxydimercuri-^-hyd/roxyhenzaldehydet and with 
hydrochloric acid the dichlorodimercuri compound is obtained. 

Iodine in potassium iodide solution converts the anhydro compound 
into 3; 5-di-iodo-4-hydroxybenzaldehyde. 

The following method of preparation is a general one for the com¬ 
pounds now described. The nitrohydroxybenzaldehyde (1 mol.) with 
mercuric acetate (1 mol. or 2 mols.) in 50 per cent, alcohol containing 
a little acetic acid is boiled until a test portion is completely soluble 
in sodium hydroxide.^ 

5-Hydroxymercuri-3-nitro-4-hydroxybenzaldehyde occurs as 
microscopic, orange platelets, darkening about 285° C., but not melting 
at 300° C. It forms an orange solution in sodium hydroxide. Addition 
of hydrochloric acid to this solution precipitates the chloro 7 nercuri 
compound, which crystallises from alcohol in tufts of minute, colourless 
needles, M.pt. 226° C. (corr.) with decomposition. From a solution 
of the hydroxymercuri compound in glacial acetic aeid the acetoxy- 
mermri derivative separates in colourless prisms, darkening about 
250° C., but not melting at 300° C. The hydroxymercuri compound, 
when shaken with an excess of 5 per cent, solution of iodine in potassium 
iodide, is converted quantitatively into iodo-3-nitro-4-hydroxybenz- 
aldehyde. 

The mercuration of 6-nitro^8-hydroxybenzaldehyde leads to the 
production of a solid (A) consisting of dimercurated compounds, and 
concentration of the filtrate from this yields mixtures of mono- and 
dimercurated compounds. 

Products from A. —This product proves to be insoluble in the usual 
* Herny and Sharp, Trans, Chem, Soc., 1924, 125 , 1049. 
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solvents, but dissolves in formic, acetic, propionic, or n-butyric acids. 
From propionic acid, orange-yellow needles of 2:4-dipropionoxy- 
dimercuri-6-nitro-3-hydroxybenzaldehyde separate. These ex¬ 
plode at 235° C. (corr.) and are sparingly soluble in sodium hydroxide, 
to which they impart an orange colour. If hydrochloric acid is added 
to this solution, the 2: 4f‘dicMorodimercuri compound is precipitated, 
and may be recrystallised from alcohol in colourless, microscopic needles. 

The monomercurated compound is obtained from the more soluble 
fractions by extraction with ether, dissolving the residue in potassium 
hydroxide solution and adding hydrochloric acid. Monochloro- 
mercuri-6-nitro-3-hydroxybenzaldehyde is thus precipitated. It 
decomposes at 198° C. (corr.). The dimercurated product is converted 
by 5 per cent, bromine in aleol\oi into 2: 4-dibromo-6-nitro-3-hydroxy- 
benzaldehyde, and with iodine in potassium iodide solution into 2 : 4-di- 
iodo-(5-nitro-3-hydroxybenzaldehyde. The monornercuri compound in 
a similar manner yields moiioiodo-6-nitro-3-hydroxybcnzaldehyde. 

If two molecular proportions of mercuric acetate be used, most of 
the product consists of dimercurated compounds. 

4-Nitro-3-hydroxybenzaldehyde also yields a mixture of compounds. 
The dimercurated product appears to be a hydroxymercuri-acetoxy- 
niercuri-4-iiitro-3-hydroxybenzaldehyde. It is insoluble in most 
solvents, but gives 2: (S'diformoxydimercuri-^-nitro-'d-hydroxybenzalde- 
hyde from hot formic acid solution. It crystallises in pale yellow needles, 
which darken at 120° C. and explode at 257° C. When boiled with formic 
acid, metallic mercury separates. It gives a red solution in potassium 
hydroxide, from which hydrochloric acid precipitates the 2: S-dichloro- 
dimercuri derivative. This crystallises from alcohol in bundles of 
minute, pale yellow needles, which darken at 240° C. but do not melt 
at 300° C. When heated in vacuo it loses a molecule of water at 60° C., 
and decomposes at 282° C. (corr.). Its ])otassium hydroxide solution 
is decomposed by carbon dioxide with precipitation of 2 : 3-anhydro- 
2 :6-dihydroxymercuri-4-nitro-3-hydroxybenzaldehyde. The di¬ 
mercurated compound may be converted by the usual means into a 
di-iodo-4-nitro-3-hydroxybenzaldehyde. 

Monoformoxymercuri-4-nitro-3-hydroxybenzaldehyde may 
be obtained from the monomercurated compound. It melts at 233° to 
235° C. (corr.) with decomposition. Other compounds from this 
hydroxybenzaldehyde are; 'pro'pionoocyinercuri-^-nitro-^-hydroxyhenzalde- 
hyde^ pale orange needles ; chloromercuri-4i-nitro-Q-hydro(xybenzaldehyde, 
decomposing about 187° C. The monornercuri compounds may be 
converted to an iodo-4-nitro-3-hydroxybenzaldehyde. 

Using the general methods described in the preceding cases, 2-nitro- 
8-hydroxybenzaldehyde yields the following derivatives: hydroxy- 
mercuriacetoxymercuri-2-nitro-S‘hydroxybenzal^hyde, amorphous; di- 
acetoxydimercuri-2-nitro-3-hydroxybenzaldehydey pale yellow needles; 
dichlorodimercuri-2-nitro-3-hydroo[!ybenzaldehyde, pale green, decom¬ 
posing at 236° C. (corr.); aceioxymercuri-2-nitro-S-hydroxybenzaldehyde, 
bundles of microscopic needles, not melting at 300° C* j chloromercuri- 
2-nitro-S-hydroxyhenzaldehyd€y decomposing about 207° C. 

Other substituted Benzaldehydes, ^ —2 - Hydroxy - 3 - acetoxy mercuri - 
5-tert«-butylbenzaldehyde.—^The aldehyde and mercuric acetate 
in molecular proportions are dissolved in alcohol containing acetic acid 

1 Heary and Sharp, loc, ciU 
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and boiled for fifteen minutes. The hot solution is then ])oured into 
a large volume of water, the resulting white precipitate filtered off 
immediately and dried in vacuo, Keerystallisation from alcohol con¬ 
taining acetic* acid gives white, needle-sha}>ed crystals, M.pt. 220'' C. 
If the above ])reparation be re]>eated without using a solvent and the 
mixture heated lor two hours on the water-})ath, a 73 })er cent, yield 
is obtained. 

2-Hydroxy-3-acetoxymercuri-5-isoamylbenzaldehyde. This 
compound is })re|iared by the second method mentioned above. It 
crystallises in bundles of Avhitc needles, M.pt. 134° to 135° C. 


DKIU VAT IVES OF ACETOVIIENONKA 

Phenacylmercuric chloride, Cftlls.CTl.CIL.llgCl. Two parts of 
mercuric* acetate and three parts of acc'tophenone are cpnekly heatc'd in 
an oil-bath to 150° (^, and tlie tein]>eralNre maintained until mcTcury 
ions c*an no longer be cletec*tc‘d. The mixture is filtered hot and treated 
with an excess of acjueous sodium chloride. The ))reei])itate is extracted 
with ether to remove the excess of ac*c*tophenonc‘ and reerystallisc'd IVom 
higli-boiling ligroin. Needless arc obtained. M.pt. 145° to 140° C. 
Warmed with dilute hydrochloric acid it gives aceto]dienone and 
merc'uric cliloride; and with cold ammonium sulphide, ac*etoj)henone 
and mercuric sulphide, llromine yic*lds jdienactyl bromide. 

It reacts violently with ethyl magnesium bromide forming {chloro- 
mcrauri mc1ki/l)-(ihijl-phe}u/Ucarhin^ 

Et 

I 

c,H,-c-ori 


cir2.ri<((:i 

This is a crystalline ))owder, M.])t. 120° to 131° C, with decom¬ 
position, ammonium sul])hidc decomposing it with the formation of 
mercuric sul])hide. 

Acetophenone yields a prec*ipitatc when added to an acjucous solution 
containing mercuric cyanide* and sodium liydroxidc. It is a pale yellow, 
insoluble powder, whicli retains about 3 per cent, of water when driecl 
in air. Like the acetone compound, it is decomposed by potassium 
cyanide or hydrochloric acid. Its constitution may be expressed as 
3(CeIl5.CO.CH=^Hg), TlgC^N^ or 

CN.Hg.CII.IIg.CH.Hg.CII.Hg.CN 
CO CO CO 


I I I 

Cell* Cell* Celle 

Diphenylmcthyl ketone also gives a compound with mercuric cyanide 
in alkaline solution. 

Products from lienzalacetophenoneJ ^—a-Acetoxymercuri-jS-meth- 
oxy-jS-phenylpropiophenone.—A solution of 25 grams of bcnzalaceto- 

1 Dimroth, Ber., 1902, 35 , 2853; Marsh and Fleming Struthers, Tram, Chem, Soc., 
1905, 87 , 1881; Grignard and Abclmann, Bull. Soc, cUm,, 1916, [iv.J, 19 , 18. 

* Middleton, J. Atmr, Chem, Soc., 1923, 54 , 2763. 
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phenone and 38 grams of mercuric acetate in 250 c.c. of absolute methyl 
alcohol is allowed to stand until a sample is soluble in sodium hydroxide. 
The solution yields 58 grams of product on evaporation, and when 
rccrystallised from methyl alcohol it melts at 115*^ C. When treated 
with potassium bromide (1 mol.) in alcoholic solution it yields the a- 
hromomercuri derivative, M.pt. 141° C., but with one molecular equi¬ 
valent of bromine the mercury is split off, and a-bromo-j8-methoxy-j8- 
phenylpropiophenonc is formed. The latter compound when treated 
with sodium methylate and afterwards with mercuric acetate yields the 
diacetoxymereuri derivative of dibcnzoyl methane. The above a- 
bromomercuri compound reacts with ethyl magnesium bromide, giving 
j8-phenyl valerophenone and mercury diethyl. The a-acetoxymereuri 
derivative is slowly decomposed by cold hydrochloric acid, and rapidly 
by hot acid, mercuric chloride and benzalacctophenone being formed. 
Hydrogen sulphide gives an immediate precipitate of mercuric sulphide 
when passed through an alcoholic solution of the comj)ound, and an 
aqueous solution of potassium iodide on boiling decomposes the com¬ 
pound with the formation of benzalaeetophcnonc. 

In a similar manner the following compounds may be prepared, and 
have properties like those of the above compounds:— 

a-Acetoxymercuri-^-ethoxy-P’phenyl propiophenonc is formed as 
above, but using ethyl instead of methyl alcohol in the preparation. It 
melts at 134° C. 

The a'hromoviercxiri compound melts at 138° C., and a-acetoxy- 
mercuri-^-methoxy-'^-phenyl-p-chloropropiophenone has M.pt. 124° C. 
Hibenzalacetone yields an acetoxyniercurimethoxy derivative, M.pt. 183° 
C.; and an ethoxy compound, M.pt. 188° to 190° C. 


DERIVATIVES OF BENZOPHENONEA 


o-Chloromercuri benzophenone. —Dry mercuric acetate is heated 
with an excess of benzophenone (3 mols.) in an oil-bath at 120° C. 
and hnally at 130° C. until the reaction is complete. The mixture is 
poured into a hot salt solution and shaken with ether. The latter is 
distilled off and the benzophenone removed by ligroin, a mixture of 
mono and dimcrcurated compounds remaining. Recrystallisation 
from alcohol produces glittering plates of the mono derivative, M.pt. 
167° to 168° C. Yield 40 per cent. It is readily soluble in acetone, 
chloroform, or ethyl acetate, sj)aringly in ligroin. It is decom})osed by 
boiling hydrochloric acid into benzophenone and mercuric chloride, and 
its w arm solutions are slowly decomposed by hydrogen sulphide. With 
magnesium ethyl bromide it forms phenyl o-chloromercuriphenyl ethyl 
carhinoL, which may be crystallised from ether-ligroin, M.})t. 106° C. 
with decomposition. It reacts vigorously with Grignard reagents, 
but gives no reaction in the cold with hydrogen or ammoniujn sulphides, 
owing to the attachment of the mercury to the nucleus, as shown : 


Et 

I 

CoHj—C—C,H,.HgCl 

OH 


^ Dimrutli, Ber., 1902, 35 ,2863; (Jiignard and Abcimann, Bull. Soe. chim., 1916, liv.l, 
19 , 18 . 
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The dichloromercuri compound crystallises from hot alcohol as a 
yellow powder. 

o-Bromomercuri benzophetione is prepared in a similar manner 
to the chloride. It melts at about 176° C., is difficultly soluble in alcohol 
or ether, and bromine transforms it to bromobeuzophenone. The latter 
^rives o-bromobenzophenone oxime (M.pt. 132° to 133° C.), and this with 
alkali gives phenyl indoxazcne, thus fixing the constitution of the bromo 
compound. 

DERIVATIVES OF INDANDIONE AND OXINDONE. 

2-Chloromercuri-2-carbethoxy-indandione/ 

/CO. 

Cell/ >C(C02Et)H{TCl 

\co/ 

The sodium compound reacts with aqueous mercuric chloride to give 
the above derivative. It crystallises in colourless prisms, M.pt. 240° to 
245° C., and is insoluble in the usual solvents, but dissolves in pyridine. 

2 -Chloromercuri -2 -acetyl-indandione, 


yCOv 

/ >C(Ac)HgCl 


The condensation of ethyl phthalatc and acetone in the presence of 
sodium yields 2-acetyl-indandione, and this reacts with mercuric chloride 
forming a colourless, micro-crystalline powder. 

2-Chloromercuri indandione is obtained by treating sodio-1 : 3- 
diketohydrindene with excess of mercuric chloride in aqueous or alcoholic 
solution.^ The pale yellow salt is easily soluble in pyridine, but with 
difficulty in sodium hydroxide. When shaken for two days with sodium 
carbonate the colour changes from yellow to white, and the correspond¬ 
ing hydroxide is obtained as a white solid. 


DERIVATIVES OF CAMPHOR.^ 

aa-Di-iodomercuri camphor.—1. Camphor (9 grams) is dis¬ 
solved in a solution containing 1*5 grams of potassium in 50 c.c. of 
absolute alcohol. The addition of 13*5 grams of mercuric iodide gives 
no precipitate and the solution is poured into water, a white product 
being deposited. The liquid is saturated with carbon dioxide to prevent 
reduction, and the precipitate collected and dried. It is digested with 
aqueous potassium iodide to remove excess of mercuric iodide, ^washed 
and dried. Yield 6*5 grams. Reaction is in accordance with the 
equation : 

9CioHi60+4HgI,+2KOC2H5=CioHi40Hg,l2+2KHgl3,4CioHieO 

+2C2HeO 

2. A solution of 0*75 gram of camphor in a little petroleum is added 
to a mixture of 50 c.c. of Normal potassium hydroxide and 6*7 grams of 

^ Hantzsoh and Gajewski, AnnaUn, 1912, 392 , 302. 

^ Peters, Rer., 1907, 40 , 235. 

3 Marsh and Fleming Struthers, Trana. Chem. 80 c., 1909, 95 , 1777; Marsh, iUd*, 
1910, 97 , 1410. 
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mercuric iodide, and the mixture shaken until the red colour disappears. 
The petroleum is removed in vacuo and the precipitate washed and dried. 
The above quantities are taken in accordance with the equation : 

CioHieO +3HgI ^ + 2 KOH -CioHi ^OHgJ 2 +K 2 Hgl 4 + 2 H 2 O 

It is found, however, that the product contains a small variable 
amount of the compound CioHi40.Hg20. 

3. By the action of cold glacial acetic acid on the substance (CioHi 40 )3 
Hg 4 l 2 , a 53 per cent, yield of di-iodide is obtained. 

(CioHi40)3HgJ2+2C2HA=CioHi40Hg2l2+2CioHi60.Hg.C2H302 

The di-iodide is a colourless, amorphous powder, insoluble in water 
and neutral solvents. It sublimes without melting and apparently 
without decomposition. It is unaffected by aqueous potassium iodide, 
and is insoluble in alcohol or acetone, but when mixed 'with potassium 
iodide it is soluble in both these solvents. 

Compound (CiQll 440 ) 3 lIg 4 l 2 .—This body is prepared by dissolving 
cam])hor in a little petroleum and heating on a water-bath for twenty- 
four hours with an alkaline solution of potassium mercuric iodide. The 
precipitate is dried at 100 ° C. A 51 per cent, yield is obtained using 
2 grams of potassium iodide, 21 grams of camphor, and 63 grams of 
mercuric iodide, the latter being added in thirteen stages. 

It is a pale yellow, amorphous powder, scarcely affected by ordinary 
solvents. Aqueous potassium iodide only slowly decomposes it, but 
in acetone solution the decomposition is rapid. Halogen acids yield 
mercuric salt and camphor. Concentrated nitric acid oxidises it to 
camphoric acid, and concentrated sulphuric acid decomposes it, with 
separation of mercuric iodide. Cold glacial acetic acid gives di-iodo- 
mercuri camphor, but hot glacial acetic acid yields a-acetoxymercuri 
camphor only, no di-iodide being formed. 

CioHi403Hg4l2+3C2H402-UgI+3C4oHi50.Hg.C2H302 

With a cold solution of iodine in benzene (CioH 440 ) 3 Hg 4 l 2 yields 
di-iodocamphor. Prolonged heating with potassium hydroxide eventu¬ 
ally gives a compound represented by (CioIIi 40 ) 2 Hg 30 . Condensation 
of camphor with mercuric iodide in the presence of alkali probably first 
forms the di-iodo compound, which on further heating condenses to 
(Ci 0 H 44 O) 3 lIg 4 l 2 . If in the preparation of the latter the amount of 
potassium iodide is diminished, a compound agreeing with the formula 
(CioHi 40 ) 5 ng 3 l 2 is formed. It is likely that the potassium hydroxide 
and iodine acting on (CioHi 40 ) 3 Hg 4 l 2 , first form more highly condensed 
compounds, (CioHi 40 ) 4 lIg 5 l 2 and (CiQHi 40 ) 6 Hg 3 l 2 , and the latter is 
decomposed by potassium hydroxide as follows :— 

4(C,oHi40)3Hg4l2=3(C,oHi40)4Hg,l2-fHgl2 

5(CioHx40)4Hg,I,=4(CioHi40),Hg.I*+HgI* 

(CioHi, 0 ),Hg,I,+ 2 KOH= 2 (Ci,Hi, 0 )*Hg 30 +CioH„ 0 + 2 KI 

In the series {CioHi 40 ) 2 Hg 3 l 2 is missing, but is probably represented 
by (CioHi 40 ) 3 Hg 30 . 

a-Ghloromercuri camphor, CioHuO.HgCl.—^The compound 
{Ci(,Hi 40 ) 3 Hg 4 l 2 is dissolved in cold glacial acetic acid and the solution 
treated with sodium chloride. It crystallises well from glacial acetic 
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acid, the crystals melting at 222° C., but is insoluble in water. The 
bromide separates from glacial acetic acid in colourless, transparent 
crystals, M.pt. 220° to 221° C., insoluble in water. Using potassium 
iodide, the a-iodomermiri compound is obtained as a doubk salt with 
mercuric iodide, CiqHiBO.Hgl.Hglg. The mercuric iodide may be 
removed by the action of potassium iodide in neutral solution, the 
a-iodide being left as a nearly colourless precipitate. It crystallises 
from ethyl acetate iii minute, colourless crystals, M.pt. 184° C,, decom¬ 
posed by glacial acetic acid. 

a-Mercuri camphor oxide, (CioHi 501 lg) 20 , is obtained from 
the acetate by trcatmcTit with pure potassium hydroxide. It is readily 
soluble in alcohol or carbon disulphide, evaporation of the latter solution 
leaving a clear, trans])arent glassy solid. 

In all the above compounds the mercury apj)cars to be in the mercuric 
state, no mercurous salts havnng been obtained l)y dc(;omposition with 
halogen acids. The structural relationships of the mercury and iodine 
derivatives to camphor quinone is shown by the formuhe : 

/Cl, /CO 

I I ^8^Il4\ I 

\co \co \co 


Products from Cainj)horcarbo,rylic acidJ —To a methyl alcohol 
solution of 98 parts of the acid, a solution ol‘ ICO parts of mercuric 
acetate is added, a preci])itate soon sc})arating. After twelve hours 
the mixture is filtered, the residue washed with alcohol and water, 
and dried. The product is a snow-white powder. The carhoirylic 
methyl ester has been treated in a similar manner. The reaction is 
represented as follows :— 


CH 


CH 



-1 cll3.CO.OH 


From Camphene,^- -A saturated aqueous solution of 2 mols. of 
mercuric acetate is shaken with a solution of 1 mol. oi* eamphcnc in 
petroleum ether for thirty days. White, glistening, colourless ])lates 
are obtained, M.pt. 188° to 189° C., having the composition CioHjeO. 
(Hg.OAc) 2 . Hydrogen sulphide regenerates camphene. The corre¬ 
sponding chloride is a white, amorphous powder, insoluble in all neutral 
solvents. It sinters at 150° C. and does not melt at 250° C. Reduction 
by sodium amalgam in aqueous solution, or zinc and potassium hydroxide, 
yields camphene. 

l-Pinene when treated with mercuric acetate yields dioxypinene.® 

^ German Patent, 275932. 

* Balbiano and Paolini, Ber., 1903, 36 , 3575. 

• Balbiano and Paolini, Ber,, 1902, 35 , 2994 ; Atti, M. Accad, Lincei, 1902, [v. J, ii, ii. 65. 
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DERIVATIVES OF TERPINEOL AND DIMETHYLIIEPTENOL.^ 

Yellow mercuric oxide is dissolved in 20 per cent, nitric acid, and 
potassium hydroxide added until the basic nitrate begins to appear. 
An ethereal solution of t(T])ineol is then added and the mixture shaken 
until a clear solution is obtained. More potassium hydroxide is added 
and the precipitate again dissolved by more tcr])ineol, these processes 
being repeated until the addition of the alkali gives a black ])recipitate. 
The solution is then made strongly alkaline, and potassium iodide 
added, when iodomcrcuri cincol is at once preci]htated. This is filtered 
off, and from the filtrate in a few days a crop of a-iodomercuri trans- 
terpineol crystallises out. If these crystals are filtered off and carbon 
dioxide ])assed through the liltrate, j8-iodomercuri-trans-terpineol 
is precipitated. 

a-Iodomercuri cineol, 

/Cir,-CII 2 \ 

CMe^O-—CMcg-^CH 

\ClI(IIgI) -CII2 / 

crystallises from alcohol in small, glistening prisms, which dissolve very 
readily in cold benzene or chloroform. It becomes yellow at 115® C. 
and melts with decornjiosition at 152'" to 15Y" C. It docs not yield a 
benzoate, and rediuition with sodium amalgam does not give a terpineol, 
but a mobile oil. This gives precipitates with hydrogen chloride, 
bromide, or ferrocyanide, and is therefore probably cineol. The corre- 
S])onding chlorkk crystallises from alcohol in felted needles, M.pt. 102'" C,, 
and unlike the iodide is readily soluble in alkali. 
a-Iodomercuri-trans-terpineol, 

XHg-CH2\ 

01I<; >CII.CMe2.0Il 

\CH(lIgl)- 

This separates from benzene in glistening, colourless prisms, which 
are sensitive to light, become red at 120C., and melt at 144^" C. with 
decomposition. It is readily soluble in hot benzene, ether, alcohol, or 
concentrated potassium hydroxide solution, but less so in ethyl acetate. 
It may be obtained from the j3-form by boiling the latter with organic 
solvents. The a-form combines with alcohol to form an alcoholate, 
CionieOalHg.CgllGO, which crystallises from alcohol in glistening 
needles, turning red and melting at 123*5'" C. It is reduced to trans- 
terpincol by sodium amalgam, or by electrolysis. 

/S-Iodomercuri-trans-terpineol, M.pt. 38° C., separates from 
organic solvents as an oil. It is v^cry soluble in ether, ethyl acetate, 
alcohol, cold acetic acid, jKitassium hydroxide or iodide solution, with 
difficulty in cold benzene. It is reduced to trans-terpincol by sodium 
amalgam, and converted to the a-form by boiling with organic solvents. 
Since the a-form is readily converted into terpineol by mineral acids, 
it is probably the ck compound, whilst the ]8-form, which is only slowly 
decomposed, is the trans form. 

a- and - Mercuridimethylheptanediol iodides.—Dimcthyl- 
^ Sand and Singer, Ber,, 1902, 35, 3170; Annalen, 1903, 329, 1(50. 
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heptenol, CMea^CH.CHg.CHa.CMeg.OH, readily dissolves in aqueous 
mercuric acetate solution, and addition of alkaline potassium iodide 
solution precipitates two pairs of isomeric iodides. One pair of iodides 
are soluble in alkali hydroxides, and have the constitution: HO.CMeg. 
CII(IIgI).CH2,CH2.CMe2.0H. The a-form is a solid, M.pt. 124^ to 
125° C., and differs from the Pform in its solubility and stability towards 
acids. 

The second pair of iodides have the cyclic structure, 


yCMe2— 
Hgl.CH—< 

^CIl2— 



CMe 


2 


and are prepared as above, but with the addition of 10 per cent. ])otas- 
siuni liydroxide before adding the potassium iodide. I'lie a-form is 
a solid, M.pt. 108° to 110° C., whilst the ^form separates as an oil, 
and may be separated from the a-form by treating the mixture with 
cold alcohol. The oil is insoluble in concentrated potassium hydroxide 
solution, soluble in alcohol or ether, and slowly changes to the a-form 
in the presence of alkali. 

When the alkaline filtrate from these cyclic iodides is treated 
with carbon dioxide, the unstable ^-mercuridimeihylheptanediol iodide is 
precipitated as an oil. The latter when boiled or kept in the presence 
of alkali for some weeks changes to the stable a-modification, M.pt. 
124° to 125° C. 

Allylacetoxime.^ —When allowed to react with mercuric acetate 
this compound yields an hydro-iso-oxazolc derivative, 

yCH2-CH2\ 

HgI.CH 2 .CH—< >CMe 

\0 - 


M.pt. 122° C., which may be crystallised from alcohol. 

Methylheptenone oxime. —The products derived from this body 
depend on the conditions under which the reaction takes place. If 
the oxime be treated with mercuric acetate in presence of potassium 
bicarbonate and potassium iodide be added, a solid is obtained. This 
product when dissolved in methyl alcohol gives a precipitate with 
ether, which decomposes at 150° C. and probably has the constitution, 
(CgHi 40 NIHg) 2 Hgl 2 . The alcohol-ether mother-liquors contain a 
more soluble isomeride, M.pt. 114° C. The above preparation when 
carried out in acid solution gives a mixture of compounds which are 
separated by treatment with cold alcohol. The a form is a white, 
crystalline substance, M.pt, 94° C., yielding a picrate, sintering at 
65° C., and melting at 78° to 80° C. The pform is an insoluble, 
yellow, crystalline body, M.pt. 123° C., and probably has the constitution, 


HgI.CH<^ 


CMcg—O-NI.HgI 

II 

CHj—CHg—C.Me 


If potassium bromide be used for precipitation instead of the iodide, 
a bromide, C 8 Hi 40 NBr 8 Hg 2 , M.pt. 128° C., is obtained; both the iodides 

^ Sand and Singer, AnnaUn, 1903, 329 , 166. 
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and bromide have half their mercury precipitated as metal, when treated 
with hydrazine in the presence of alkali. 

Ethylhexenol, Cll 2 =CH.[CH 2 ] 2 C.MeEtOH.’—This compound is 
dissolved in mercuric acetate solution and potassium iodide solution 
added, when an oil is precipitated; carbon dioxide is then passed in. 
Extraction with ether and evaporation of the solvent yields a crystalline 
compound, M.pt. 44° C., to which the following structure has been 
assigned :— 

CHg-CMeEtv 

I >0 

CH2.CH(CH2.HgI)/ 

This appears to be a tetrahydrofurfurane derivative, since it gives 
an oily iodide with iodir\e, an aldehyde when oxidised by chromic acid, 
and is found to be saturated wlien treated witli potassium permanganate. 
The iodide is reconverted to ethylhexenol when acted upon by hydro¬ 
chloric acid. 


DERIVATIVES OF AZO COMPOUNDS. 

Mercuration of these compounds leads to dimercurated products if 
the ortho and para positions with respect to the amino or hydroxyl 
groui)s arc available. No meta compounds are obtained. 

Hydroxymercuri- acetoxymercuri- benzeneazo- phenol anhy¬ 
dride,^ 

CenBN,.C,ll2(Hg.0Ac)< I 

Mig 

Mercuric, acetate (32 grams) in 150 c.c. of water and 20 c.c. of acetic acid 
is added to 10 grams of benzeneazo-phenol in 300 c.c. of alcohol. The 
red mixture is heated on the water-bath for six hours. An orange 
precipitate is formed, filtered, washed with dilute hot acetic acid, water, 
and alcohol, and dried at 110° C. Acetic acid is lost during this process, 
and to obtain a uniform product the substance must be dried at 120° C. 
It is purified by dissolving in 150 c.c. of glacial acetic acid and adding the 
solution to 400 c.c. of alcohol. The resulting product is washed with acetic 
acid—alcohol mixture and ether and dried at 120° C. It is the loss of acetic 
acid which accounts for the formation of an anhydride. A yellow-brown 
powder is finally isolated, which does not melt at 300° C. It is readily 
soluble in glacial acetic acid, insoluble in hot w ater, and sparingly soluble 
in alcohol, chloroform, ethyl acetate, benzene or nitrobenzene. When 
dissolved in 5 per cent, potassium hydroxide, and the hot filtered solu¬ 
tion treated with saturated sodium chloride solution, the dichloromercuri 
compound is precipitated. The orange-red precipitate is washed wdth 
water and digested with hydrochloric acid, the colour changing to brick 
red. It is filtered, washed with hot water and alcohol, and dried at 
110 ° C. It forms a dull red, amorphous powder, which does not melt 
at 300° C. and is insoluble in the usual solvents. The corresponding 
dibromide is a brownish-red powder, having similar properties to the 
dichloride. 


^ Sand and Singer, he. cit. 

> Smith and Mitchell, Trans. Chem. Soc., 1908, 93 , 847. 
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Diacetoxymercuri-2 :4 : 6-tribromobenzeneazo-phenol, €6112 
Br3.N2.€.6H2(lIg.0Ac)2.0H.—Six grams of mercuric acetate (2 mols.) 
arc dissolved in 20 c.c. of water containing 1 (r.c. of acetic acid 
and a solution of 4 grams (1 mol.) of the hydroxyazo compound in 
200 c.c. of alcohol added. After six hours’ heating on the water-bath 
the precipitate is filtered, washed with dilute acid, then water, and dried. 
It is purified by recrystallisation from glacial acetic acid. It is a j)ale 
red, micro-crystalline powder, not melting below 300° C., and sj)aringly 
soluble in the usual solvents, with the exce])tiori of acetic acid. It loses 
acetic acid at 120° C. 

Acetoxymercuri - benzeneazo - o - nitrophenol,CgHg.No.ColIa 
(N02)(Hg.OAc).OlI, yields a ])ale yellow, crystalline })owder, not melt¬ 
ing below 300' C. and insoluble in all solvents exce])t acetic acid. Tlu^ 
bromide is a pale yellow powder. 

Acetoxymercuri - benzeneazo - p - cresol,^ C 6 ll 6 .N 2 .C 7 ll 5 (()II). 
IIg.OAc.--Mercuric acetate in very dilute acetic acid is boiled under 
rellux with alcoholic ben7X‘neazo-j)-crcsol for seven hours. It is purified 
by fractional precipitation from its acetic acid solution by water, and 
recrystallisation from glacial acetic acid. It crystallises in red-brown 
needles, M.pt. 269° to 270° C. with decom])osition, and has similar 
solubilities to the above compounds. Its chloride melts with decom¬ 
position at 246° to 248° C. Dimroth pre[)ared these compounds from 
acctoxymercuri-p-cresol and benzene diazonium chloride.^ 

8(?) - Acetoxymercuri - 2 - nitro - 4 - benzeneazo - a - naphthol.'* 
—A mixture of 1 gram of the azo-a-naphthol in 250 c.c. of boiling water 
containing 5 c.c. of glacial acetic acid and 2*5 grams of mercuric ac(‘tatc 
in 5 c.c. of warm water is heated for six hours on the water-batli. The 
mixture is filtered hot, washed wuth alcohol, boiling water, and hot 
dilute acetic acid. It is a lustrous, reddish-brown, crystalline mass, 
blackening at 220° C., but not fusing at 270° C., ])ractically insoluble in 
all solvents. 

8(?) - Acetoxymercuri - - benzeneazo - a - naphthol, ('oHc. 

N 2 .Ciolf 5 (OH).Hg.OAc, is a brick-red powder, darkening at 180° C. 
and melting with decomj^osition at 208° C. 

8(?) - Acetoxymercuri - 4 - nitro - 2 - benzeneazo - a - naph¬ 
thol is a red substance having the ap})earancc of amorphous phos¬ 
phorus, melts with decomposition at 221° to 222° C., and is practically 
insoluble in all solvents. 

Acetoxymercuri - bis - benzeneazo - a - naphthol, 
CioH 4 (OH).Hg.OAc, forms lu.strous black needles with a bronze lustre. 

The following derivatives of azo dyes have been isolated:— ^ 
Dihydroxymercuri-dihydroxyazobenzene sulphonic acid.- By 
the action of mercuric acetate on the mono-potassium salt of ehrysoinc in 
hot water or aleoholie solution eontaining a little acetic acid. 

Dihydroxymercuri - jS - naphthol-azobenzene sulphonic acid, 
by a similar method to the above, using “ Orange II.” 

Mercuri-bis (hydroxymercuri - jS - naphthol-azobenzene sul¬ 
phonic acid), by heating “Orange II” in methyl alcohol containing 

1 Smith and MiU^hell, Trans, Chem, Soc., 1908, 93 , 847; Dimroth, Bar., 1902, 35 , 2853. 

2 Dimroth’s memoir also describes further reactions of benzene diazonium chloride 
with mei’curated phenols and p-erc^sols. 

® Mitchell and Smith, Trans. Chem. Soc., 1909, 95 , 1430. 

* Proskouriakoff and Baiziss, J, Arner. Chem. Soc., 1926, 47 , 1974. 
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acetic acid with 2 ecpiivalents of mercuric acetate. It is a red. amorphous 
powder. 

Dihydroxymercuri-hydroxyazobenzene sulphonic acid, brown¬ 
ish-red powder. 

Mercuri-bis (nitrobenzene-azosalicylic acid) is a li^dit brown 
powder. 


Com}K)unds formed by diazotisiu^ p-ac(‘toxymercurianiline, and 
coupling it with various comjiounds : 

4-Acetoxymercuri-4'-dimethylaminoazobenzene yields brick- 
red crystals liavinfjr a violet rcHex, M.])t. 215^" C. With sidphuric acid it 
forms reddish-brown solutions haviujn^ a ^recMi lluorcseeuce, and with 
nitric and hydrochloric acids sparingly soluble salts are formed. 

4-AcetoxyiTiercuri-4'-diethylaminoazobenzene consists of ^(lit- 
terin,i»‘ orani^c-brown ])latcs, becoming* red at 120" (\ and rneltino’ at 
to 1.50" C. (corr.). 

p-Acetoxymercuribenzeneazo-phenol, orange crystals, M.pt. 218" 
to 210" C. (corr.). 

p-Acetoxymercuribenzeneazo-resorcinol. —Dark brown powder, 
sinterinir at 100" C. and meltin<f with decom])ositioii at!()()" to 195" C. 

4 - p - Acetoxymercuribenzeneazo - 1 - naphthylamine - 5 - ^ul- 
phonic acid, brownish-black, micro-crj^stallinc powder, decom])osini>’ 
at 280" C. 

5 - Acetoxymercuritoluene - 2 - azophenol is obtained from 5- 
aeetoxymcreiiri-o-toluidine, M.pt. 204*5'^ to 205" C. (corr.). 


DERIVATIVES OF HYDROXYAZOBENZENES.^ 

Sodium - 3 - chloromercuri - 4 - hydroxy - azobenzene - 4' - 
sulphonate is formed by diazotisin^^ sul])hanilic acid and addinjx the 
dia/otised solution to a cold solution of o-chloromercuriphenol in sodium 
hydroxide. The coupling requires about four hours for completion. 
The mixture is then acidified witli acetic acid, when the sodium salt of 
the azo compound separates as a heavy, orange-yellow precipitate. The 
product is recrystallised from hot water, air-dried, and tlien dried in a 
vacuum dryer at 50" C. Since the C—Ilg linkage is easily split it is 
impossible to obtain the free acid. The reaction is represented as 
follows :— 

HO-./ ^ + aNa<^ ^-SO,H + 2NaOH 

llgCl _ _ 

= HO<^, = N-<^ SOjNa + NaOl + HjO 

igCl 

In a similar manner o-chloromercuriphenol has been coupled with 
the following diazotised aromatic acids :— 


' Jacobs and Heidelberger, J, Biol. Che.m., 1915, 20 , 513. 

* Whitmore, Hanson, and Leuck, J. Arner, Chem. Soc., 1926, 48 , 1013. 
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Amino Acid. 

Product. 

Colour. 

Metanilic . . . \ 

Naphthionie . . . j 

Anthranilic; . . .1 

m-Arninobenzoie . . > 

p-Aminobenzoic . . J 

Sodium salt 

Frc'c acid 

r Yellow. 

1 Orange. 
fRed. 

^ Red. 

I^Red-ydlow. 


Sodium anhydro - 2 - hydroxy - 3 - hydroxymercuri - 5 - 
methyl - azobenzene - 4' - sulphonate. -In this case 2 : 6-diacetoxy- 
mercuri-p-cresol, in sodium hydroxide solution, is added to the diazo- 
tised sulphanilic acid. The mixture is stirred for ten hours and cooled 
in ice during this period. Acidification with acetic acid precipitates 
the slightly soluble, yellow sodium salt. It is ])urilied by crystallisa¬ 
tion from water. Strong acids remove the mercury coinj^letely, so that 
the free acid cannot be obtained, and attempts to prepare the chloride 
have been unsuccessful. The reaction is re})resented as follows :— 


CH3 

^-Hg.OAc + ClNj-<^ ^-SOjH 4- 4NaOH 

hg OH 
OAo 


Hg-() 


- N-<^ ^-SOsNa 

+ NaCl -f HgO + 2NaOAc -f 3H^O 


Anhydro - 2 - hydroxy - 3 - hydroxymercuri - 5 - methyl- 
azobenzene - 2' - carboxylic acid is prepared using anthranilic 
instead of sulphanilic acid. The free acid is deep red, but no method is 
available for its purification, owing to its insolubility in all except basic 
solvents. The purest product is obtained when exact quantities of 
carefully purified anthranilic acid and mercurated cresol are used. 

In a similar manner, anhydro-2-hydroxy-3-hydroxymercuri-5- 
methyl-azobenzene-4'-carboxylic acid is prepared, and its pro¬ 
perties are veiy like those of its isomer. 


DFUIVATIVIHS OF METHYLENE BLUE.^ 

The work done on this compound, which presents numerous diffi¬ 
culties, is admitted by Chalkley to be very incomplete. To obtain 
complete mercuration, a large excess of mercuric acetate has to be 
used. With three molecular equivalents of the latter, benzoyl-leuco- 
methylene blue yields an acetoxyjuercuri compound in the form of a 
white powder, which gives a yellow sulphide with hydrogen sulphide. 
Methylene blue acetate heated with 15 mols, of mercuric acetate in 
aqueous solution in the presence of acetic acid gives two organic mercury 

^ Chalkley, «/. Amer. Chem. Soc., 1925, 47 , 2056; see Kharasoh and Piccard, ibid,, 
Chem. Soc., 1920, 42 , 1855. 
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compounds, I., II., the former readily going into colloidal suspension, 
and consequently is difficult to handle.^ 




DERIVATIVES OF PHTHALEINS* 

Hydroxymercuri phenolphthalein. —To a solution of 3 grams 
of phenolphthalein in 25 c.c. Normal sodium hydroxide, about 125 c.c. of 
water are added and the solution boiled with 3 grams of yellow mercuric 
oxide for three hours. The mixture is then allowed to settle, the liquor 
poured off and centrifuged to remove traces of sediment. Carbon 
dioxide is passed in, and the mercurated product separates as a purplish, 
milky precipitate, which is separated by centrifuging. It is washed 
with alcohol and dried at 110^^ C. It is insoluble in all the usual solvents, 
except glacial acetic acid, in which it gives turbid solutions. It cannot 
be crystallised, and gives the same colour with alkali as phenolphthalein. 

Triacetoxymercuri phenolphthalein. —Three grams of phenol¬ 
phthalein in 50 c.c. of alcohol arc mixed with a filtered solution from 
25 grams of mercuric acetate in 50 c.c. of water and 50 c.c. of glacial 
acetic acid. After standing overnight, any mercurous acetate is 
removed, and the liquid heated on the water-bath for three hours. 
After twenty-four hours the residue is removed and washed with 
alcohol, then with water containing a little acetic acid, and finally 
with water. The crystals are dried in the air for several days, then 
heated for one hour at 100® C. It forms bladed crystals, insoluble in 
the usual solvents, dissolving in sodium hydroxide with the productiorj 
of a deep-blue colour. 

Trihydroxy mercuri phenolsulphone -phthalein is prepared 
in a similar manner to hydroxymercuri phenolphthalein. It is a 
purplish powder having a bronze lustre. When mercuric acetate reacts 
with phenolsulphone phthalein in acetic acid solution, a mixture of 
hydroxymercuri and acetoxymercuri derivatives is produced. 

Diacetoxymercuri-o-cresolphthalein is prepared in the usual 
manner, more mercurous acetate being formed than with the previous 
derivatives. It is a yellow, granular substance, which cannot be re¬ 
crystallised. 

Hydroxymercuri and dihydroxy mercuri fluorescein.—Fluores¬ 
cein, 3-5 grams, in 200 c.c. of one-tenth Normal sodium hydroxide is 
treated with 5 grams of mercuric oxide, and the mixture boiled for four 
hours, water being added to replace that lost by evaporation. It is 
then clarified by centrifuging, and evaporated to dryness, an iridescent, 
green, scaly product being obtained. This is the monomercurated 
product. The dihydroxymercuri compound is formed when 10 grams 

^ Compounds of the acrtdinc series are dealt with in American Patent, 1259517, and 
those of the safranine series in Germanr Patent, 286097. 

* White, J, Amer. Ghem. Soc., 1920, 42 , 2355; German Patent, 308335. 
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of mercuric oxide are used in the above preparation. Treatment with 
liydrochloric acid yields cldoiomercxiri derivatives. 

The mercuration of lluorescein ])y mercuric acetate in acetic acid 
solution leads to the })roduetion of a mixture of tctrahydro.vii)acrcuri 
and tetra-acefouyniercuri fluorescein^ the latter predominatino’. No 
attempt seems to have been made to separate these ])roduets. 

Hydroxymercuri-dibromofluorescein, ~ I)i])rom()Huorescein (41) 
grains) and S ^vama of sodium hydroxide are dissolved in 50 e.c. of 
water and tlie solution made uj) to 200 e.c. This is stirred and treated 
with 12*5 e.c. of glacial acetic acid until an even pasty precij)itate 
is formed. A solution prepared from 22*5 ^rrams of mercuric oxide 
in 25 e.c. of glacial aeeti(t acid and 50 e.c. of wai(‘r is diluted to 100 
e.c., and added to the former solution, the whole bein^ diluted to 
.500 e.c. The mixture is boiled 4*5 to 0 hours, a (luantitative yield 
beinj^ obtained. The preei|)itatc is collected and washed by eentri- 
fuirin^, a red ])Owder i)ein^f isolated, which is insoluble in the usual 
solvents, but ^nves a dec}) cherry-red solution in sodium hydroxide.^ 

Hydroxymercuri-salicylsulphone-phthalein.'^—Salicylsulphone- 
})]ithalein (salieyl red) is dissolved in suHieientNormal sodium hydroxide 
to form the di-sodium salt, then treated with a solution of mercuric 
acetate eontaininiT a few dro})s of acetic acid, and the mixture boiled 
until a test gives no reaction with ammonium sulphide. It is then 
filtered and j)oured into dilute hydrochloric acid. Th(‘ menuirated 
})roduct se])arates as a brown }X)wder. 


CYCLOMERGURrPOLYMETHYLENES.^ 


Cyclomercuri pentamethylene, 

IIf,< >C1I, or 

X’.Hj.CIl/ 




A mixture of .‘10 grams of 1:5-dibromopentanc, 100 grams of benzene, 
.‘1 grams of ethyl acetate, and 900 grams of 1 }>er cent, sodium amalgam 
is sliaken for twenty-four hours in a })rcssure ilask at 75"" C. The solvent 
layer is washed, cva})orated, and the residue extracted with absolute 
alcohol, from which 23 grams of waxy })roduct arc obtained. This 
is extracted with light petroleum and ether, 6*5 grams of solid, M.}>t. 
41'' C., remaining behind. Evajwration of the extract gives 2*5 grams 
of crystals, M.pt. 120° C., which are separated from an oil. 

Cvyclomercuri pentamethylene, M.pt. 120° C., forms hard, white, 
rhombic, doubly refracting crystals from a mixture of benzene-light 
}:)etroleum. It is readily soluble in cold ether, light })ctrolcum, or 
benzene, with difficulty in water. Its molecular weight as determined 
by the ebullioscopic method is about 360 (270 calc.), and this appears 
to correspond to a simple ring. v. Braun, however, points out that a 
comparison of the boiling-points of the pentamethylene series of com- 


' German Patent, 201903, deals with a process for preparing morcurated salts of 
fluo^t^ 8 cein, see Dimroth, Ber., 1902, 35 , 2853. The products obtained may be used directly 
for dyeing. The dyestuffs dye cotton in the following manner: Chromium mordant— 
brown red; iron mordant—reddish brown; uranium mordant—red; nickel and cobalt 
mordant—red; alkaline eartii mordant—red; cerium mordant—light red. 

» Harden, J, Ame/r. Chem. Soc., 1927, 49 , 3141. 

® V. Braun, Ber„ 1913, 46 , 1792; 1914, 47 , 490; Hilpert and Griittner, Ber,, 1914, 47 , 
| 86 , 177. 
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pounds, (CTl 2 ) 5 >R, with those of the series Et—R—Et, where R may 
be O, CHg, NII 2 S, or indicates that eyclomcrcuri-})ontamethylene 
should have a boilin^(-point of about 210'’ (\ ; that it should distil 
without decomposition under diminished pressure, and probably with¬ 
out decomposition under ordinary pressure. He therefore considers the 
])roduct, M.pt. 120'’ C., to be a polymeridc of the true compound. The 
following? is the list of compounds uj)on which the argument is based :— 

Kt-O-Et, R.pt. 35° C. (CH2)5>0, B.pt. 88° C. 

Et- CHg-Et, R.pt. 3G°C. (CH2)5>CIl2, B.pt. 80° C. 

Et-NH-Et, B.pt. 55° C. (Cll2)5>NII, B.pt. 105° C. 

Et S -Et, B.pt. 02° C. (CH2)5>S, B.pt. 111° C. 

Et~IIg -Et, B.pt. 1.59° C. (Cn 2 ) 5 >Hj?, B.pt. 210° C. (about). 


The compound, M.})t. 41° C., probably a ])olymer, may be recrys¬ 
tallised from much ether, and obtained as a white powder. Its mole¬ 
cular weight is four times that of the compound, M.j)t. 120° C., and 
the oil obtained has six times the molecular weight of the latter. 

All these com])ounds give the same products when treated with 
bromine, iodine, or mercuric halides. With iodine in benzene solution 
theoretical yields of pentamethylene-dimercuri-iodide and di-iodo- 
j)entane arc obtained. 

Pentamethylene-1 : 5-dimercuri-dibromide, CsHioHgaBrg.— 
The Grignard solution from 20 grams of 1: 5-dibromopcntanc, 4*1 grams 
of magnesium, and a trace of iodine, after standing for twelve hours is 
Avarmed on the water-bath, and treated with 06 grams of mercuric 
bromide in ether, in 5-gram portions. The mixture is then boiled 
for an hour and decomposed by 1 per cent, hydrochloric acid. The 
ether is removed at 60° C., and the product again treated with 1 per 
cent, hydrochloric acid at 60° C. It is fdtered hot, washed with cold 
water, then with alcohol. The residue is added in small portions to 
500 grams of boiling water, digested for fifteen minutes, filtered boiling 
hot, washed with cold water, alcohol, and ether, and dried at 100° C. 
Yield of crude product, 49 grams or 8*94 per cent. It crystallises from 
toluene in doubly refracting needles, M.pt. 150° C., very soluble in 
jiyridine, aniline, or dimcthylanilinc in the cold, and may be precipitated 
by the addition of light petroleum. It is less soluble in hot alcohol, 
acetone, boiling toluene or xylene, and with dilficulty in hot water, 
hot carbon tetrachloride, ether, or petroleum ether. When boiled for 
one hour with alcoholic potassium iodide it yields the di-iodide, sintering 
at 115° C. and melting at 117° C. It crystallises best from alcohol- 
benzene, and is less soluble than the dibrornidc. Prolonged boiling in 
benzene solution gives mercuric iodide and di-iodopcntanc. Hydrogen 
sulphide precipitates a quantitative yield of the sulphide from a 
pyridine solution of the dibromide. It is a snow-white, insoluble, 
odourless powder, having the constitution (I.). By passing acetylene 
into a solution of the pure dinitrate in alcoholic ammonia, for one hour 
at 0° C., an acetylide (II.) is formed. It is a white powder, which takes 
fire on heating, is insoluble in the usual organic solvents, and heated 
in benzene yields mercuric iodide and di-iodopentane. 
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The dihydroxide crystallises in hair-fine, white needles, and is isolated 
by boiling the bromide with silver oxide in 80 per cent, alcohol for 
twenty hours. Treatment of the hydroxide in 50 per cent, alcohol 
with sulphuric acid precipitates the sulphate as microscopic white 
needles, suddenly blackening above 150° C. 'J'he dibromide with silver 
nitrate gives the dinitrate, from which the dichloride is prepared. It 
crystallises in white needles, M.j)t. 184° C. The following compounds 
are also mentioned: oxalate, succinate, ferrocyanide, white j^rccipitates, 
and the azelate, white scales. 

Pentamethylene -1:5- dimercuridiphenyl, C6ll5.1Ig.(Cll2)5. 
Hg.Cfillg.—This remarkable compound is prepared by treating magnes¬ 
ium phenyl bromide (4 times the calculated amount) with dry, powdered 
pcntamethylene-1:5-dimercuric dibromidc in small portions. The 
reaction is completed by boiling for one hour on the water-bath. The 
mixture is decomposed by dilute sulphuric acid, and worked u|) in tlie 
usual manner. 

It is a colourless, viscous oil, decom})osing Avhen heated in vacuo at 
180° C. It quickly decolorises a solution of iodine in benzene, with 
formation of the above di-iodide, and prolonged boiling with an excess 
of the iodine solution gives mercuric iodide, 1 : 5-di-iodo})entane and 
iodobcnzenc. 

It will be seen from the above reactions that the mercury atoms in 
these compounds are very firmly attached, whilst the halogen atoms arc 
\'ery reactive. 

DKHIVATIVES OF THE PYHAZOLONE GROUPA 

When the phenyl-5-pyrazolones arc treated with mercuric acetate in 
alcoholic solution, four acetoxymercuri groups are introduced into the 
molecule, together with a methoxy grou}). If, however, the hydrogen 
in the 4-position be substituted by halogen or methyl groups, mercura- 
tion only takes place at 160° C. 

3:4- Diacetoxymercuri - 4 - methoxy - 1 - diacetoxymercuri- 
phenyl -2:3- dimethyl - 5 - pyrazolone, 

CO~~C(OMe).Hg.OAc 
CeH3(IIg.OAc)2.N<( I 

^NMe.CMe.Hg.OAc 

One gram of phenyldimethylpyrazolonc (Imol.) is dissolved in 5 c.c. 
of methyl alcohol and 7-28 grams of mercuric acetate (4 mols.) in 
45 c.c. of methyl alcohol poured in. The temperature is maintained at 
60° C. and rhombic plates begin to separate in fifteen minutes, and after 
about two hours the product is filtered off. It is washed several times 
with warm methyl alcohol, faintly acidified with acetic acid, then dried in 
vacuo over sulphuric acid. Yield 6*5 grams, 97*4 per cent. The sub¬ 
stance sinters between 200° and 205° C., then decomposes with gas evolu¬ 
tion. It is insoluble in most organic solvents, somewhat soluble in hot 
methyl or ethyl alcohol, especially if these contain a trace of acetic acid, 
and easily soluble in water faintly acidified with acetic acid. It is also 
soluble in ammonium hydroxide and amine bases such as ethylene- 
diamine. Ammonium sulphide removes the mercury in the 4-position. 

^ Schrauth and Bauerschmidt, Her., 1914, 47 , 2736; see also, Paderi, Chem. Zentr, 
1919, iii. 226; Oliveri-Mandallb, Oazzetta, 1921, 51 , i. 125. 
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This is probably due to the adjacent carbonyl group, since it is also 
removed by dilute hydrochloric acid when 3-chloromercuri-4-meth- 
oxy - 1 - dichloromercuriphetiyl -2:3- dimethyl - 5 - pyrazo¬ 
lone is produced. 

/CO—CH.OMe 
CeH3(HgCl)2.N<; I 

^NMe.CMe.HgCl 

The latter is prepared by suspending 2 grams of powdered tctra-acetoxy- 
mcrcuri compound in about 40 c.c. of a quarter Normal hydrochloric 
acid, and shaking on a machine for twelve hours. It is filtered and 
washed free from chloride and dried in vacuo over phosphorus [)entoxide 
at 100° C. The substance is a micro-crystalline powder, slightly soluble 
in acetone, but insoluble in all other solvents. It does not melt, and is 
not immediately blackened by ammonium sulphide. 

3:4- Diacetoxymercuri - 4 - ethoxy - 1 - diacetoxymercuri- 
phenyl-2 : 3-dimethyl-5-pyrazolone is prepared in a similar 
manner to the 4-methoxy compound, but the methyl alcohol in the 
latter preparation is now replaced by ethyl alcohol. Yield 9C-G per 
cent. It forms small, colourless needles which crystallise with 1 mol. 
of water, which may be removed by heating in vacuo over phosphorus 
pentoxide at 110° C. It has similar solubilities to the methoxy com¬ 
pound, and hydrochloric acid removes the mercury in the 4-position, 
3:4- Diacetoxymercuri - 4 - methoxy - 1 - diacetoxymercuri- 
phenyl - 3 - methyl - 2 - ethyl - 5 - pyrazolone, 


/CO—C(OMe).Hg.OAc 

CeH3(Hg.OAc)2.N<^ 1 

^NEt.CMe.Hg.OAc 


One gram of phenylethylmethylpyra/olone in a little methyl alcohol is 
treated with a solution of 7 grams of 90 per cent, mercuric acetiitc 
(4 mols.) in 50 c.c. of methyl alcohol. The mixture is maintained at 
(50° C. and crystals separate in twenty-five minutes, are filtered after two 
hours, washed with acidified methyl alcohol, and dried. Yield 6*1 grams, 
90 per cent. The substance has similar solubilities to the above 4- 
methoxy compound and decomposes above 200° C. It crystallises in 
prismatic needles, from which the mercury in the 4-position is removed 
by hydrochloric acid in the usual way, 3-Chloromercuri-4-methoxy- 
l-dichloromercuriphenyl-3-methyl-2-ethyl-5-pyrazolone being 
obtained, which has the structure: 


/CO—CH.OMe 


CeH,(HgCl)*.N<r I 

\NEt.CMe.HgCl 


In a similar manner l-p-tolyl-2 : 8-dimethyl-5-pyrazolone and l-o- 
tolyl-8-methyl-2-ethyl-5-pyrazolone in methyl alcohol solution arc 
converted into 3 : 4-diacetoxymercuri-4-methoxy-l-[diacetoxy' 
mercuri-p-tolyl] 2 : 3-dimethyl-5-pyrazolone and the correspond¬ 
ing 3 ; 4-diacetoxymercuri-4-methoxy-1 -[diacetoxymercuri-o- 
tolyl]-3>methyl-2-ethylpyrazolone, both of which lose mercury 
from the 4-position by the action of hydrochloric acid, yielding trichloro- 
tnercuri derivatives. 



212 


OROANOMKTALLTC COMPOUNDS. 


3:4- Diacetoxymercuri - 4 - methoxy - 1 - acetoxymercuri- 
phenyl - 3 - methyl - 5 - pyrazolone, 

/CO—C(OMe).lI^r.OAc 
Ceir,(Hcr.OAe).N<( | 

\N1I—CMc.H^.OAc 

A GO per cent, yield is obtained by carrying out the mercuration in the 
usual manner, but no heating is necessary, the reaction bein" complete 
in several hours at room tem})erature. From the mother-liquor a 
further (juantity may be obtained, raising the yield to 00 per cent. ''I'he 
crystals melt at 107° C. with decomposition, and contain 1 mol. of 
water of crystallisation, which may be removed by heatin^^ in vacuo 
over phosphorus pcaitoxidc at 1*38° C. The mercury in the J-position 
is removed by ammonium sulphide or hydrochloric acid, a dichloro’ 
niercuri eomj)ound bein^ obtained which is somewhat soluble in acetone. 

If, however, l-])henyl-3-methyl-5-])yrazolone be mereurated in 
boiIin<r methyl alcohol solution for three hours, 3-diacetoxymercuri- 
4-methoxy-l-diacetoxymercuriphenyl-3-methyl-5-pyrazolone is 
formed : 

CO—( (OMe).Il^r.OAc 
C«H,(II«.OAc),.N< I 

\NH-- t'Me.lIjr.OAc 

It is a crystalline product, deconiposinj; at 225° sparinfjly solulile or 
insoluble in the usual solvents. 

4-Bromo-4-hydroxy-3-acetoxymercuri-l-triacetoxymercuri- 
phenyl-2 : 3-dimethyl-5-pyrazolone, 


Coll2(IIft.OAc)o.N< 


.CO-CBr.OH 

I 

NMc- CMe.Hfr.OAc 


Two "rams of 4-bromo-l-phenyl-2 : t3-dimetliyl-5-pyrazolonc (1 mol.) 
and l()-5 jijrams of mercuric acetate (I mols., 90 ])cr cent.) are heated 
for thirty minutes in an oil-bath at 100° C. The melt is cooled, ex¬ 
tracted with alcohol, the solution boiled with charcoal, fdtered, and 
treated with ether. The white })recipitate is filtered, washed with ether, 
and dried. It is a hygroscopic substance, readily soluble in cold water, 
less soluble in methyl or ethyl alcohol faintly acidified with acetic acid. 
It decomposes with ^as evolution at 225° C., and is unaffected by 
ammonium sulphide unless boiled. From its aqueous solution sodium 
chloride precipitates an insoluble chloride, and sodium hydroxide the 
corresponding hydroxide, 

4 - Hydroxy - 3 - acetoxymercuri - 1 - triacetoxymercuri - 
phenyl -2:3:4- trimethyl - 5 - pyrazolone, 


CeH,(Hg.OAc)3.N<^' 


CO—CMe.OH 


NMe.CMe.Hg.OAc 


This is formed from l-phenyl-2:8:4-trimethyI-5-pyrazolone in the same 
manner as the preceding compound. It melts at 287° C. (corr.) with 
strong decomposition, and has similar properties to the bromo deri- 
. vative. When treated with hydrochloric acid it yields 4-hydroxy- 
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3-chloromercuri-l-trichloroinercuriphenyl-2 ; 3: 4-trimethyl-5- 
pyrazolone, which decomposes at about 245° C. 

4 - Acetoxymercuri-3-diacetoxymercuriphenyl-5-pyrazolone, 
,C(01I).C.Hg.0Ac 

‘ /I 


NH 



:C.CeH3(Hg.OAc)2 


The reaction between 3-methyl-5-pyrazolone (1 mol.) and nuTcuric 
acetate (3 mols.) takes f)lace when the two arc boiled for three hours 
in methyl alcohol solution. The effect of the possibility of enolisa- 
tion is marked by the absence of any methoxy group in the product. In 
methyl or ethyl alcohol strongly acidified with acetic acid it is only 
soluble with dilficulty, and from these solvents it crystallises in colour¬ 
less needles, wliicli (lecompose about 250° ('. Treated with hydro- 
cliloric acid, it is converted into a dichlorornerairi compound, de(!om])os- 
ing near 210° C. With ammonium sul])hidc, these two eomj^ounds do not 
blac k(,* n i m m c‘d i at el y. 

5-Chloro-4-acetoxymercuri-l-phenyl-3-methylpyrazolone, 


NPh 




CCl C.Hg.OAe 


-CMc 


This ct>jnpouiid is prepared as the preceding one, from 5-chloro-l- 
j)henyl-3-Tncthylj)yrazole. It melts at 123° C., is readily soluble in 
water, alcohol, and all the usual solvents. It is unaffeeted by cold 
ammonium sulphide, but with hydrochloric acid yields a dichluro- 
jnercuri compound, needles, M.pt. 105° C. 


DERIVATIVES OF PYRIDINE.^ 


Pyridine and mercuric acetate when heated at 175° to 1<S0° C. for 2-5 
hours, and the reaction mixture diluted with 5 to 0 volumes ol* water, 
followed by the addition of sodium chloride give 3 :5-dichloromercuri 
pyridine (I.) as a pale brown, amorphous, odourless powder, decompos¬ 
ing at 220° C. Prornine in sodium bromide solution converts it into 3 : 5- 
dibrornopyridinc. The mother-liquors from tlie dichloromcreuri com¬ 
pound yield 3-iodomercuri pyridine (il.) when treated with sodium 
iodide. The product is a yellow, amorphous ])owder, M.j^t. 08° to 09° C., 
which forms 3-bromopyridinc with bromine in sodium bromide. 


ClHfe/^HgCl 




N 

I. 


;.HgI 


N 

II. 


DERIVATIVES OF FURANE AND PYRROLE, 

Tetra-acetoxymercuri-furane ^ is formed when mercuric acetate 
reacts with furanc. It decomposes at 220° to 228° C. and is converted 
by potassium hydroxide into the tetrahydroivy^compoundy decomposing 

^ Sachs and Eberhartinger, Her., 1923, 56 , [B], 2223. 

* Ciusa and Grillo, (Jazzetta, 1927, 57 , 322. 
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at 210'’ C. The latter with sodium chloride gives tetrachloromercuri- 
furane, decomposing at 235° C., iodine transforming this into tetra-iodo- 
furane. A monocLcetoxymemiri-furane has been reported, but its 
existence seems doubtful. 

Pyrrole likewise l‘orins teirachloro and tetra-acctoxy derivatives, the 
former yielding tetra-iodopyrrolc when treated with iodine in potassium 
iodide. 

DERIVATIVES OF THE IE DOLE SERI ESA 


3-Acetoxymercuri-2-methyl-1-phthalyl-indole, 

-p.Hg.OAo 

I I I 


N.CO.C,H,.C().H 


Methylplitluilyliiidole (I t parts) is dissolved in 30 parts of hot alcohol, 
and mixed with a solution of 1*0 parts of mercurie acetate in 10 parts 
of alcohol. The product separates immediately as a pale reddish 
precipitate. After cooling, it is filtered and washed with alcohol and 
ether. It is insoluble in the usual solvents, and when heated with 
mineral acids methylphthalylindole is formed. 

3-Acetoxymercuri-l-methylindole. —To a solution of 3*8 parts 
of mercuric acetate in 20 parts of methyl alcohol, a methyl alcohol 
solution of 1*3 parts of N-methylindole is added. The compound 
separates as a white, crystalline mass, which is washed with methyl 
alcohol and ether. It is readily soluble in hot alcohol, benzene, or 
acetone, crystallising in fine needles as the solutions cool. It is decom¬ 
posed by heating with dilute mineral acids. 

3-Hydroxymercuri-2-carboxy-l-methylindole is prepared from 
N-methylindole carboxylic! acid in the usual manner. It is insoluble 
in the usual organic solvents, but dissolves readily in alkalies. Hot 
dilute mineral acids split off the mercury. 

3 -Hydroxymercuri -2 -anisylindole, 

-^^C.HgOH 

l\^'v^b.C,H 40 Mc 

NH 


Anisylindole (I-l parts) in 100 parts of hot alcohol is mixed with 
1*8 parts of mercuric acetate in 10 parts of alcohol. A turbidity appears, 
and the mixture is warmed for a short time on the water-bath, when 
the product separates as a brown precipitate. It has similar properties 
to the preceding compounds. 

A product has also been isolated from ^-methyl indole (methylketole) 
as a pale yellow precipitate, resembling the other indole derivatives. 
Treatment of its aqueous suspension with hydrogen sulphide immedi¬ 
ately gives black mercuric sulphide. 


DERIVATIVES OF QUINOLINE A 

Hydroxymercuri - 2 - hydroxy quinoline - 8 - carboxylic acid.— 
The acid (20-6 parts) is suspended in about 1000 parts of water, and the 
mercuric oxide from 13-5 parts of mercuric chloride stirred in. The 
^ German Patent, 236893. > German Patent, 289246. 
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mass is boiled until a portion no longer gives a precipitate of mercuric 
oxide when treated with sodium hydroxide. The compound is isolated 
as a dark yellow, water-insoluble precipitate. The acid is insoluble 
in alcohol, ether, and benzene, and after warming with hydrochloric 
acid, ammonium sulphide precipitates mercuric sulphide. 

Hydroxymercuri-8-hydroxyquinoline-5-sulphonic acid is pre¬ 
pared in a similar manner. The free acid is bright yellow, sparingly 
soluble in water and insoluble in alcohol, ether, or benzene. 

Hydroxymercuri-2-phenylquinoline-4-carboxylic acid •—Ten 
grams of the acid arc mixed with 13*3 grams of mercuric acetate in 
aqueous solution, and the whole heated until a clear solution is obtained 
with sodium hydroxide. The product is then filtered, washed with water 
and dissolved in very dilute sodium hydroxide, excess being avoided, 
and the solution treated with alcohol. The sodium salt is precipi¬ 
tated, and has a similar solubility to the preceding compound. The 
])re})aration may also be carried out using mercuric oxide in place of 
acetate. 

Using the above methods, compounds have also been obtained from 
quinoline-8-sulphonic acid and 8-hydroxyquinoline. 


DERIVATIVES OF DIHYDROBENZOFUEANESA 

'riic- addition of mercuric salts to o-allylphenols leads to the pro¬ 
duction of a series of mercurated dihydrohenzofuranes of the general 
formula: 



)>CH.CH8.HgX 


In comparison witli other mercury salt-olefine compounds, these 
bodies are very stable towards acids. They yield compounds of the 
type R 2 llg when reduced by sodium amalgam, and the corresponding 
iodide when treated with potassium iodide. No reasonable molecular 
formula has been devised for these compounds, which completely fits 
in with the facts, so tliat they are at present merely written as additive 
formula'. 

1-Acetoxymercurimethyl-l : 2-dihydrobenzofurane, 


CeH 




CH.CHa.HgOAc 


This is prepared by suspending o-allylphenol in water, and adding 
an aqueous solution of mercuric acetate. It crystallises in colourless 
plates, M.pt. 80® to 81® C. The corresponding chloride may be obtained 
by adding sodium chloride to the above compound or by replacing the 
mercuric acetate by mercuric chloride. It melts at 137° C. The 
bromide crystallises in lustrous crystals, M.pt. 12‘2® C., and the iodide 
in colourless plates, M.pt. 114° to 115*5° C. 

^ 8 inoc it has not been definitely decided whether these compounds are “ molecular ’ 
substances or merely addition compounds, only general directions have been given for 
their preparation. Evidence at present points to the latter tyjpe. Adams, Roman, and 
Sperry, J. A^mr. Ghem, <Soc., 1922, 44 , 1781; Mills and Adams, ibid,, 1923, 4 S» 1842. 
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1 : 1- Sulphato - mercuridimethylene-bis-l : 2-dihydrobenzo- 
furane, 


-O—/ 


CIl.CHgHgjiiSO 


o-AIJylphciiol is carerully added to a solution of increiiric oxide in dilute 
sulphuric acid. The })r()duet melts at 123° C. with deeoinjwsition. 

1 : 1-Mercuridimethylene-bis-l : 2-dihydrobenzofurane, 



-o-/ /, 


This is obtained in colourless crystals, M.pt. 93° C., when l-ehloromcthyl- 
1 : 2-dihydrobcnzofuranc is reduced by sodium amalgam in ethyl alcohol 
solution. 

The following is given as a general method of preparation of sub¬ 
stituted 1-mercurimcthyl-l : 2-dihydrobcnzofuranes. Ten grams of a 
substituted o-allylphenol are slowly added to an aqueous solution con¬ 
taining one molecular equivalent of mercuric acetate or chloride. With 
the latter, a saturated solution is used, and the jdienol slowly added 
until a llocculent precipitate is obtained, the oj)eration lasting one hour. 
The stirring is maintained until the oil solidifies. With jnercuric 
acetate, about 10 grams of salt arc used with each 100 c.e. of water. 

The following mercurated 1:2-dihydr()benzofuranes have been ])re- 
pared by the addition of mercuric salts to o-allylphenols : l-Aceloaaj- 
inercurimethylethyl-, M.pt. 113° C. ; l-e/donn//crc?/r////e///?//-6-?/?e///y//-, 
M.})t. 91° C. ; ^-cicetoxymercurimeihyU^-methyl-, oil ; \-chloral))creuri- 

7neihyl-5-methyl-, M.pt, 127*5° C.; \-(Hwtoxymerciirimethyl-^-m€thyl-, oil ; 
l-chloroviercurimethyl-4f-7Hethyl-, M.pt. 99*5° C. ; l-acefoxymercuri- 
methyl-^-hromo-, oil; \-chloromercurimeihyl-\-hromo-, M.pt. 108° C. ; 
l-chloromerciirimethyl-Q-carh(hvy-, M.j^t. 200° C. with decomposition ; 
\-chloromercurimethyl-C)-carhomethoxy-, M.pt. 107° C. with deeom])osition ; 
\-chl()romercurimethyl-^’Carboxy-, M.pt. 212° to 213° C. with decom¬ 
position; 1-chloromerciirimetliyl-A^-carboryvmylene-, M.pt. 300° C. with 
decomposition. 

The following is a general method for conversion of l-chloromercuri- 
or l-acetoxyrncrcurimethyl-l : 2-dihydro-benzofurancs into the corre¬ 
sponding bromides and iodides: A solution of 5 grams of the ehloro or 
acetoxymercuri compound in absolute alcohol is mixed with a boiling 
solution of alcohol containing one molecular equivalent of the potassium 
halide. The compound sej)arates on cooling, is washed and crystallised 
from alcohol. The following mercurated 1:2-dihydrobenzofuranes are 
thus obtained : l-Iodomercurimethyl-^-methyl-, M.pt. 88° C.; 1-iodo- 
mercurimethyl-^-7nethyl-, M.pt. 131*5° C.; l-iodomercurimethyl-i-methyl-, 
M.pt. 94° C. ; \-bi*oinomercurimethyl-^-bromo-, M.pt. 93° C. ; 1-iodo- 
7nercuri7nethyl-ii-bromo-, M.pt. 101° C. 

1-Hydroxymercurimethyl-l: 2-dihydrobenzofuranes are obtained by 
treating 10 grams of the corresponding ehloro compounds with one mole¬ 
cular equivalent of sodium hydroxide in 50 c.c. of warm absolute alcohol. 
The products are recrystallised from 95 per cejit. alcohol. The following 
^are recorded: l-HydroxymercuriTnethyl-, M.pt. 152° C.; 1-hydroxy- 
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mercurimethyUiS-methijU^ thick oil; l-hydroxyvicrcurimethyh^-viethy 
M.pt. 149° C. 

When the above compounds are dissolved in hot alcohol, diluted with 
hot water, and a hot aqueous alcoholic solution of the requisite acid added, 
the following compounds are obtained: ^^Tartrato-di-inermrimethyU, 
M.pt. 192° C. with decomjDosition ; l-oxalato-di-merctirimethyl-, M.pt. 
175° C.; li-p-nitrohenzatomercurimethyl-, M.pt. 148° C. ; l-p-mi5ro- 
henzatotnercurimcthyl-Q-methyl-^ M.pt. 162*5° C. ; l-p-nitrobenzato- 
mercurimethyl-i~methyl-y M.pt. 136*5° C. 

1 -Chlorornercurimethyl-l: 2-dihydrobenzofuraiies, when added to satu¬ 
rated solutions of potassium cyanide or thiocyanate in absolute alcohol, 
yields : l-ThiocyanatomercurimethyU^ M.pt. 112*5° C. ; l-cyanornereuri- 
methyl-, M.pt. 162° C. ; 1-thiocyanatomerciirimeihyl-i-methyl-, M.pt. 
102*5° C. ; 1-cyanomercurimethyl’i-inethyU, M.pt. 148° C. 

The folloAviiig compounds have also been described: ^-S()diumthio- 
s 11 Ijyhatoiner'curimcthyU 1:2- diJiydroben zofura )ies, 1 -sodi um thi osulphu to m er- 
curimeHiyl-^-methyl-, and 1: l-viercuridimethylene-bib- l-mcthyl-l: 2-dihy- 
drohenzofuranes, 

DERIVATIVES CONTAINING MERCURY AND SELENIUM. 

Producta from 2 : li-Diphemjl-selenophene.^ 

5 - Chloromercuri -2:4- diphenyl - selenophene. -An alcoholic 
solution of the selcnoi>hcnc is treated with the mercuric halide in the 
})rescnee of sodium acetate, and the solution mcchani(tally stirred for 
twelve hours. After a further twelve hours’ standing, a 90 ])cr cent, 
yield of product is obtained, which melts at 224° C. (corr.) after crystallisa¬ 
tion. When heated under reflux for an hour with aqueous bromine it is 
converted to tribromo-diphenyl-selcnophene. An acetone solution of 
])otassiuni bromide gives the 5-bromomercuri derivative and nuTcuri-his- 
(2: 4-diphcnyl-sclcnophene-5), 

5-Bromomercuri-2 : 4-diphenyl-selenophene is ])r(^])arcd by the 
methods outlined above or by heating the mercuri-bis (iompound for ten 
minutes with mercuric bromide in acetone solution. Jt crystallises 
from alcohol in microscopic, colourless, felted hairs, M.pt. 215° C. (corr.), 
soluble in benzene, toluene, or glacial acetic acid. When its toluene 
solution is boiled, it decomposes with formation of diphenyl-seleno¬ 
phene and mercurous bromide. 

5-Iodomercuri-2 : 4-diphenyl-selenophene cannot be formed by 
the action of mercuric iodide and sodium acetate on 2:4-diphenyl- 
selenophcnc, or by sodium iodide upon the 5-chloromerciiri com]^ound. 
A 30 per cent, yield is obtained when the mercuri-bis derivativ e in acetone 
solution is heated for ten minutes wdth mercuric iodide. The })urc 
jiroduct forms colourless crystals, but unless the experiment is ])cr- 
forrned in the dark only a red product is isolated. 

5 - Cyanomercuri -2:4- diphenyl - selenophene.— The 5-chloro- 
mcrcuri compound is treated with sodium cyanide in acetone solution. 
The mercuri-bis derivative is precipitated, and dilution of the filtrate 
gives a 50 per cent, yield of the 5-cyanomcTcuri compound, M.pt. 256*4° 
C. A 90 per cent, yield is obtained* when the mercuri-bis derivative is 
heated for ten minutes in acetone solution with mercuric cyanide. 

^ Bogert and Herrera, J. Arner. Chem. Soc., 1923, 45 , 238; Bugert and Anderson 
ibid., 1926, 48 , 223. 



218 


ORGANOMETALLIC COMPOUNDS. 


When boiled in benzene, toluene, or xylene it is decomposed into 2:4- 
diphenyl-selenophene and mercurous cyanide. 

Mercuri-bis-(2:4-diphenyl-selenophene-5), (Ph 2 C 4 HSe) 2 Hg, 
may be isolated from the 5-chloromercuri compound and potassium 
bromide, sodium cyanide, or sodium iodide, also from the 5-bromo- 
mercuri compound and sodium bromide. It forms pale gray, minute, 
felted hairs, M.pt. 236-7° C. (corr.). 

Derivatives containing mercury and arsenic are given under the 
latter element in Part II. of this volume. 



CIJAPTER XL 


ORGANOMETALLIG DERIVATIVES OF THE METALS 
OF GROUP III. 

Boron, aluminium, indium, and thallium are the only elements in this 
^jjroup from which true organo-compounds have been obtained. The 
metalloid boron forms a greater variety of compounds than the other 
three metals, its derivatives bearing some resemblance to those of silicon 
and phosphorus. Whilst aluminium and gallium when heated with dry 
hydrogen chloride yield AICI 3 and GaLl^ respcictively, indium and 
thallium only give InClg and TlCl respectively; also the stability of the 
trichlorides of these metals diminishes from aluminium to thallium. 
This gradation in basicity is reflected in the organo-comj^ounds, for 
whilst it is possible to obtain the ty\)c U.^M 1‘rom aluminiuin, only 
the form RgMX can be isolated from indium and thallium. Moreover, 
in the case of the latter metal, the inorganic tervalent coinj)ounds are 
less stable than the thallous salts, but no organo-thalloiis derivatives 
have ever been isolated. 

The first organic compound of boron was isolated by Frankland in 
1862, by the interaction of zinc methyl and triethyl borate.^ This 
method and the use of zinc alkyls with boron trichloride was continued 
until the discovery of the Grignard reagent. In 1909 boron tri¬ 
methyl was prepared by the action of magnesium methyl iodide on tri¬ 
methyl borate, and in 1921 ^ a number of boron trialkyls were obtained 
by the interaction of magnesium alkyl halides and boron trifluoride. 
Of the derivatives of the type R 3 B, boron trimethyl is a gas, spon¬ 
taneously inflammable in air; boron triethyl, a spontaneously inflam¬ 
mable liquid; whilst the higher members of the series are liquids, readily 
oxidised when exposed to air. The methyl and ethyl derivatives 
combine with ammonia to form RaBjNlIg. The type RgBOH only 
has one representative, the ethyl compound, which is a liquid readily 
absorbing oxygen from the air. 

The alkyl boric acids, RB(OH) 2 , are best prepared by the action of 
magnesium alkyl halides on boric esters. They are all solids, and the 
lower members of the series are volatile at low temperatures. 

In the aromatic series only one member has been obtained of the 
type R 3 B, namely, boron triphenyl.^ It is formed by the interaction of 
magnesium phenyl bromide and boron trifluoride, an excess of Grignard 
reagent giving boron diphenyl fluoride and boron phenyl difluoride at the 
same time. Boron triphenyl is a solid, which readily yields additive 

^ Frankland, Annulen, 1862, 124 , 129. 

* Khotinsky and Melamed, i?er., 1909, 42 , 3090. 

^ Krause and Nitsche, Ber,, 1921, 54 , [B], 2784. 

* Krause and Nitsche, Ber., 1922, 55 , [B], 1261. 
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compounds with ammonia and aromatic amines, in which boron has 
the co-ordination number 4. 

The type RgBX is represented by boron dii)henyl chloride and 
bromide, both bein^^: prepared by the use of mercury diphenyl. The 
chloride is a liquid, B.pt. 270° to 271° C., and the bromide a solid, M.})t. 
24° to 25° C. Treatment with sodium hydroxide yields the type RgB.OlI. 

A considerable number of derivatives are known of the type RBXg, 
the general method of preparation consisting of treating boron tri¬ 
chloride with mercury diaryls, in the proportion of 1 mol. of the latter to 
2 mols. of the boron halide. Some of the products are solids, others 
fuming liquids, but all when treated with water are converted into the 
corresponding acids, RB(011)2. 

The diaryl boric acids, R2B(OH), are eonrined to the diphenyl and 
di-})-tolyl compounds, although in the latter case the anhydride and 
not the acid is formed. 

The monoaryl boric acids, RB(01I)2, arc usually isolated, as stated 
above, by the action of water on the type RBX2, although in certain 
cases this leads to the formation of the oxide HBO. The phenyl 
compound has been obtained by boiling with water the product of 
reaction from magnesium phenyl bromide and boron trifluoride. The 
most remarkable feature of the type RB(OII)2 is that the action of 
mercuric chloride upon them leads to the production of mercury aryl 
halides (RllgX). The anisyl and phenetyl compounds do not yield 
oxides when healed, or form salts, and the j3-naphthyl acid exists in two 
modifications. Dehydration of the acids m vacuo gives the oxides, BBC). 

Aluminium compounds of the type R3AI were first investigated l)y 
Cahours in 1800.^ They are dillicult to handle, and the methyl, ethyl, 
and })ropyl derivatives are liquids, spontaneously inflammable in air. 
In attempting to devise new methods for the j)reparation of these 
substances, Krause and Wendt ^ isolated the ethcrates, 4AlR3.3EtO, 
which arc colourless, mobile liquids rapidly undergoing decomposition 
in the air, but do not inflame. 

Only one compound of each of the types RgAlX and RAIX2 is known, 
namely, the ethyl derivative, and this in each ease is spontaneously in¬ 
flammable, although the etherates, like those above, do not exhibit 
this ])roperty. 

The only other alkyl compounds known are derivatives of methylene 
iodide or bromide, aluminium powder reacting with these compounds 
to produce the type CH^^AIX, which are heavy liquids. 

Aluminium triphenyl is the sole aluminium aromatic organic com¬ 
pound. Like the corresponding alkyls, it forms an cthcrate, but its 
decomposition by air is not so rapid. Mercury diphenyl and aluminium 
in a nitrogen atmosphere at 140° C. produce the comj^oimd, with much 
evolution of heat, in a few seconds. Iodine decomposes it, with formation 
of aluminium iodide and iodobenzene. 

The metal indium has so far only yielded one derivative, indium 
diphenyl chloride.® This was isolated by the interaction of mercury 
diphenyl and metallic indium in boiling xylene. It is an insoluble com¬ 
pound, not melting at 350° C. When metallic indium and mercury 
diphenyl arc heated at 270° C. in a nitrogen atmosphere under reduced 

^ Cahours, Annahn, 1860, 114 , 242. 

2 Krause and Wendt, Ber,, 1923, 56 , [BJ, 466. 

^ Goddard, unpublished. 
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pressure, and the residue extraeted with ether, a compound correspond¬ 
ing to C 6 ll 6 li^ 0 ,In 203 is isolated from the solution. 

The first organic thallium compound was obtained by Hansen,^ by 
trcatintf zinc diethyl with thallic chloride. Four years later Ilartwi^r ^ 
})repared salts of the type RgTlX. No further work was done upon the 
metal until 1904, when Meyer and Bertheim® isolated thallium dimethyl 
chloride by a reaction which may be expressed in a general form : 

TICI 3 + 2 MgRCl -RgTlCl + 2 MgCl 2 

The present authors have shown since that this reaction may be used 
to form any aliphatic or aromatic compound of thallium of the type 
IlgTlX."* If it is desired to ])rc]>are thallium comjmunds containing 
secondary radicles, an excess of Grignard reagent must not be used, or 
reduction takes place to metallic thallium.^ When thallium dialkyl 
halides are treated with silver oxide, the halogen is split off and hydrox¬ 
ides formed. The solutions thus obtained arc strongly basic, rapidly 
absorb carbon dioxide from the air. and when treated with acids, or 
com])ounds containing acid groupings, they yield salts. Thallium 
di(‘thyl hydroxide has been isolated in the solid state, and with aqueous 
solutions of metallic salts it jjrecijntatcs hydroxides. In the case of 
halides, cyanides, or thiocyanates in the aliphatic series, tlie following 
reaction with silver nitrate takes place quantitatively, 

R/nX + AgNO., - AgX +R 2TINO3 

and since tlu^ nitrate is soluble, this affords a method of estimating the 
acid radicle.® Although many double salts are found in inorganic 
chemistry containing thallium in the thallic state, very few arc met with 
in organometallie derivatives. In spite of the fact that the authors have 
pre})ared considerable numbers of salts of the type RgTlX, both in the 
aliphatic and aromatic series, only the following double compounds have 
been isolated: thallium dimethyl m-nitrophenoxide, 

CgHgOgN; thallium diethyl 4 -nitrosophenoxide,CiQlIi 402 NTI.G^H 402 N ; 
thallium diethyl 5-nitro-o-tolyloxide, C 11 II 16 O 3 NTI.C 7 II 7 O 3 N; thallium 
diphenyl acid propionate, acid valerate, acid butyrate, acid m-hexoate. 
Moreover, with the exce])tion of the fluorides, none of the salts 
a])pear to contain water of crystallisation. 

Thallium diphenyl bromide was first mentioned by Meyer and 
Bertheim in 1904, but in 1922 the ])resent authors showed that this com¬ 
pound was impure, and that the reactions given for it did not represent 
the facts, as shown by their later preparation. They therefore claimed 
their preparation to be the first organometallic compound of thallium, in 
the aromatic series, to be obtained in the pure state. The compound, 
which is typical of the aromatic thallium diaryl halides, does not melt 
below 300° C., and may be crystallised from pyridine. The correspond¬ 
ing chloride is decomposed by iodine monochloridc according to the 
equation: 

PhgTlCl +2101 =2PhCl +T1C1+I 2 

^ Hansen, Ber., 1870, 3 , 9. 

® Hartwig, Ber., 1874, 7 , 298 ; Annalen, 1876, 176 , 257. 

® Meyer and Bertheim, Ber.^ 1904, 37 , 2051. 

* Goddard and Goddard, Tmtw. Chem, Soc,, 1921, 119 , 672, 1.310; 1922, 121 , 36, 
256,483; 1923,123,1161. 

^ Krause and Grosse, Ber.^ 1925, 58 , [BJ, 1933. 

• Goddard, Trans. Chem, Soc.t 1921, 119 , 673. 
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If the thallium diphenyl chloride be replaced by thallium diethyl 
bromide, only thallous iodide is isolated from the reaction. It has been 
})ointed out that thallium dialkyl halides when treated with moist silver 
oxide yield the corresponding hydroxides, and that the latter with acids 
give salts. In the aromatic scries, it is found that the best method of 
preparing the salts is to boil together a mixture of the halide, silver oxide, 
and the organic acid in toluene. Alcoholic potassium hydroxide trans¬ 
forms the lialides to oxides, and these arc also available for ])roduetion 
of salts. 

It is well known that many organo mercury compounds of the type 
IlaHg react with metallic and non-metallie (‘hlorides to form organo- 
metallic derivatives of the metals in question. The })resent authors ^ 
carried out a considerable number of reactions of this type, with various 
organometalli(? compounds, the results of which are shown in Table IV. 
of the Ap})endix. 

It will be seen that a number of the reactions afford means of 
obtaining organo-thallium derivatives. In the case of organo compounds 
of the elements of Group V., it may be stated that j^hosphorus and 
antimony chlorides yield no organo-thallium derivatives, whereas arsenic 
and bismuth chlorides are capable of yielding compounds of the tyjx* 

R/nx. 

Summarising the results for tin and lead compounds in the alijdiatic 
and aromatic series, substances of the type R4M give rise to RgMXg 
and RgTlX ; R3MX and R^MR' yield thallous chloride and RgMR., 
and R3MX respectively; R2MR2' produces Rg'MXg and RgTlX, 
where R' is the radicle of lower molecular weight; and RgMXg merely 
exchanges its halogen, Xg, should it be bromine or iodine, for the chlorine 
of the tiiallic chloride. 

Whilst 2-chloromercuri-thiophene and mercury 2 : 2'-dithienyl form 
organo derivatives when treated with arsenic trichloride,'^ thallic 
chloride merely decomposes the first compound, and gives no organic 
compound with the second. 2-Iodomercurithiophene is converted to 
2-chloromercuri-thiophene and thallous chloride is formed. p-Amino- 
phenylmercuric acetate treated with ethereal thallic chloride gives an 
unstable additive compound, corres})onding to the formula, 2C8H9O2 
NHg.TlCls, and p-aminophenylrnercuric chloride behaves similarly, but 
when the solutions are heated complete decomposition takes place. 
p-Bis-mercurianiline and sodio-camphor do not yield thallium derivatives 
under the above conditions. It is therefore evident that only normal 
compounds of the type R2Hg give rise to thallium derivatives, where R 
may be any radicle except benzyl, thienyl, or an iso-group ; in other 
cases substances of the type RgTlX are formed. 

The estimation of thallium ^ in organic compounds is carried out 
in a spherical flask of 200 c.c. capacity, having a short, ground-glass 
neck, carrying an air condenser 3 feet long. About 0-2 gram of sub¬ 
stance is treated in the apparatus with 20 c.c. of fuming nitric acid, and 
the whole boiled until colourless. The contents of the flask are then 
rinsed out and evaporated to dryness, the residue dissolved in water, a 
few drops of dilute ammonia added, and the thallium precipitated by 

1 Goddard, Tram, Ohem. Soc., 1922, 121 , 30 ; 1923, 123 , 1161; Goddard and Goddard’ 
ibid., 1922, 121 , 2f>6, 482, 

® Steinkopf and Bauermeister, Annahn, 1917, 413 , 331. 

, “ Goddard and Goddard, Tram, Chem. Soc., 1922, I2i, 488. 



ORGANOMETALLIC DERIVATIVES OF METALS OF GROUP III. 223 

hot potassium dichromate. In cases such as thallium diphenyl chrom¬ 
ate, the thallium is first removed as thallous iodide, before precipitating 
the other metal. For halogen estimation, silver nitrate in 1 c.c. of 
water is added before the addition of the fuming nitric acid, and the 
mixture boiled to destroy organic matter, then treated in the usual way. 
This method of estimating halogens gives good results in the ease of 
thallium, lead alkyl, and mercury compounds, and would no doubt 
answer for any type of organo compound which does not explode with 
fuming nitric acid, or give a stable nitrate, like lead di])henyl nitrate, or 
yield an insoluble oxide, as in the case of tin. 

Boron. 

Alkyl Corn pounds of the Type R 3 B. 

Boron trimethyl, MeyB.—This compound was first obtained ^ by 
the interaction of zinc methyl and tricthyl borate. It has more 
recently been prepared by the interaction of magnesium methyl iodide 
and trimethyl borate.^ 

The product isolated by the above methods is a gas of ])ungent odour, 
which is spontaneously inflammable in contact with air. Frankland 
states that it can be liquefied at 10° C., under a pressure of three atmo¬ 
spheres, to a colourless liquid, whilst Stock and Zeidler give the melting- 
point as —C. and the density at ~-10()° C. as 0-625 (as liquid). 
They also recorded the following vapour pressures ;— 

Vap. press, in mm. 1 2 3 4 0 10 15 21 

Temperature °0. . -118 -113 -108 -103 -98 - 93-3 - 88*4 - 83-5 

Vap. press, in mm. 32 43 00 82 113 147 192 253 

Temix^ratiirc °C. . -78*4 -73-8 -68*9 -64-1 -59-2 -54-3 -494 -44-5 

Vap. press, in mm. 319 400 511 759 

Temix^rafuro °0. . —39*0 —34-6 —29*7 -20-2 

The vapour density between —25° C. and +100° C. corresponds to 
the formula BMcg. 

The gas is soluble with dilTicuIty in water, but very easily soluble in 
alcohol and ether. It combines directly with ammonia, yielding boron 
trimethylammine, BMeg.NHg, M.j>t. 56° C., B.pt. 110° C., which crystal¬ 
lises from ether in many-sided, highly refractive, volatile crystals. The 
compound has the vapour pressures 1-0 mm. at 0° C., 1-8 mm. at 5-6° C., 
2 mm. at 10° C., 3-2 mm, at 15-2° C., 11-0 mm. at 31-2° C., and 16-5 mm. 
at 36-9° C. The vapour density, measured between 25*0° C. and 70*0° C., 
shows that about 10 per cent, of undissociated ammine can exist in the 
gaseous state at 25° to 30° C., but molecular weight determinations in 
benzene solution by the cryoscopic method show that the ammine is 
practically undissociated. The benzene solution is stable in air, smells 
faintly of boron trimethyl, but not of ammonia. 

Treatment of boron trimethyl with potassium hydroxide or an 
ammoniacal solution with alcoholic potassium hydroxide yields a resinous 
mass, to which Frankland ascribed the composition BMcg.KOH. 

^ Frankland, Annahn, 1862, 124 , 129. 

* Khotinsky and Melamed, Rer., 1909, 42 , 3090. A re-examination of Frankland’s 
compound was made by Stock and Zeidler (Rer., 1921, 54 , [B], 531) who obtained the 
compound in the gaseous state from boron chloride and zinc methyl, the violence of the 
reaction being moderated by cooling or working under diminished' pressure. 
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Boron triethyl. —This is ]>repared by the action of zinc ethyl on 
the triethyl ester of boric acid,^ and also by the interaction of zinc ethyl 
and boron trichloride.^ Frankland described it as a fuming liquid, 
s])ontancously iiillammable in air. It melts at C., and boils at 

95"^ C.; density at 23” C., 0-6931 ; vapour pressure at 0 ” C., 12-5 mm. It 
under^roes slow decomposition on heating?, yieldinpf some hydro^^eu and 
ethane ; the va])our density near the boiling-point corresponds to the 
simj)le formula BEta.^ The liquid is only very slightly soluble in 
water, prolon^^ed treatment only showiiiit? very slow decomj)osition. 
Iodine has no action upon it even at 100 C. It burns in air with a bright 
^reen, sooty llaiiie, and explodes in pure oxygen. When heated with 
concentrated hydrochloric acid over mercury to 99° C., an ethyl ^roup 
appears to be replaced by lialojjfen, yielding boron diethyl chloride. 
Like boron trimethyl, it forms an amniine, BEt 3 .NH 3 , which is stated to 
have an aromatic smell and an alkaline reaction. 

Boron tri-n-propyl, This and the following trialkyl 

boron compounds are prepared by the action of boron fluoride on 
magnesium alkyl halides, details of a preparation being given under 
the isoamyl compound. The following physical data have been noted 
for the pro})yl compound : B.pt. 60” C. at 20 mm. ; B.pt. 156° C. at 
760 mm. ; density at 24-7° C. 0-7204, whence density at 22-5° C. 
0-7225 ; liHa 1*41129, Hd 1-41352, Oh/j 1-41895, nn, 1-42354 at 22-5° C. 

Boron tri-isobutyl, (€ 4119 ) 311 .—B.])t. 86 ° C. at 20 mm. (uncorr.); 
B.pt. 188° C. at 760 mm.; density at 25° C. 0-7380, whence density at 
22-8° C. 0-7400; iiHa 1*41652, x\j) 1-41882, Hh,, 1-42445, i\n., 1-42882 at 
22-8° C. 

Boron tri-iso-amyl (C 5 lIii) 3 B.—Boron trilluoride obtained by 
the interaction of 75 grams of potassium boroHuoride, 13 grams of 
boric anhydride, and 250 c.c. of concentrated sulphuric acid, is passed 
in a rapid stream into the magnesium compound from 106 grams (1 
mol.) of isoamyl chloride in 350 c.c. of absolute ether. The boron tri¬ 
fluoride is rapidly absorbed, and after completion of the reaction the 
whole is heated to boiling for twenty minutes on the water-bath. The 
ether is then distilled off in a stream of nitrogen and the residue distilled 
in dry nitrogen at 13 mm. The pure product obtained distils at 119° C. 
at 14 mm, in nitrogen. Yield 42 grams (55 per cent.). 

The compound is a colourless, very mobile liquid, having an odour 
resembling amyl alcohol. It is readily oxidised in air, yielding isoamyl 
boric acid. It burns with a bright green flame and is slowly acted upon 
by water. 

Physical data: density at 23-4° C. 0-7600, whence density at 
22 - 6 ° C. 0-7607; iina 1*42983, Uj, 1-43207, nny, 1-43782, nm 1-44254 at 
22-6° C. 


Alkyl Compounds of the Type R 2 B.OH. 

Boron diethyl hydroxide or Diethyl boric acid, Et^B.OH,® is 
prepared by the action of water on the ethyl ester of diethyl boric acid. 
It is a liquid which cannot be distilled without decomposition; it 

^ Frankland. AnnaleM, 1802, 124 , 129. 

® 8 to( 3 k and Ztddlcr, Ber., 1921, 54 , [B], .031 ; Frankland, Jahre>^her., 1870, p. 469. 

* St()ck and Zeidler, he. cit, 

^ Krause and Nitsche, Ber., 1921, 54 , [Bj, 2784. 

® Frankland, loc>. cit. 
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absorbs oxygen from the air, forming the monoethyl ester of ethyl boric 
acid, EtB(01I).0Et. The O-ethyl derivative of the above compound, 
the eihylate of diethyl boric acid, Etg.B.OEt, is prepared from the 
compound of the diethyl ester of ethyl boric acid with the triethyl ester 
of boric acid, Et.B(OEt) 2 .B(OEt) 3 , and zinc ethyl. Tlie product is a 
colourless liquid, B.pt. 102® to 103® C., which is transformed by dry 
oxygen into the diethyl ester of ethyl boric acid, and is decomposed by 
water into alcohol and diethyl boric acid. 


AlJqjl Compounds of the Type RB.(OH) 2 . 

Methyl boric acid, Me.B(OH) 2 .—Boric esters are best pre{)ared by 
the action of alcohols on boric anhydride under pressure, and it has been 
found ^ that tlicse esters react with Grigiiard’s reagents to form the 
above type of compound, according to the equation : 

BMgX +B(OR' >3 =BR(OR' )2 +R'O.MgX 

The int(Taction of trimethyl boric ester and magnesium methyl iodide 
in ether, followed by decomposition with acidified water, yields methyl 
boric acid, as white crystals, very volatile and unstable. It has never 
been isolated in the pure state, but Michaelis and Becker ^ showed 
that it exerts a methylating action on magnesium phenyl bromide, the 
j:)roduets consisting of ])henyl boric acid and toluene. The esters of this 
acid are readily hydrolysed by cold water. 

Ethyl boric acid, EtB(OH) 2 , is deposited in white crystals from 
ether, readily subliming at 40® €., and very volatile. It may be pre¬ 
pared as the above methyl compound, or by decomposition of the 
diethyl ester of ethyl boric acid with water,^ also by the action of water on 
the double compound of the diethyl ester of ethyl boric acid with triethyl 
boric acid. The acid is easily soluble in water, alcohol, or ether, has an 
acid reaction, but docs not combine with bases. 

The nionoefhyl ester, Et,B(OH)OEt, is a crystalline product, decom- 
])osed by water into alcohol and ethyl boric acid, and is prepared by the 
action of atmospheric oxygen on diethyl boric acid below 8® C. 

The diethyl ester, Et.B(OEt) 2 , is a liquid, boiling with decomposition 
at 125® C., and is decomposed by water like the monoethyl derivative. It 
is formed when boron triethyl is oxidised in air and then in oxygen, or 
when dry oxygen acts upon the ethyl ester of diethyl boric acid. 

The ester combines with triethyl boric ester to form Et.B(OEt) 2 . 
B(OKt) 3 , which compound may also be obtained from zinc ethyl and 
2 mols. of triethyl boric ester. It is a liquid, B.pt. 112® C., yielding 
ethyl boric acid, boric acid, and alcohol when treated with water, 
whilst zinc ethyl transforms it into the ethyl ester of diethyl boric 
acid.* 

Propyl boric acid, C 3 H 7 .B(OH) 2 , is described by Khotinsky and 
Melamed as melting at 74® to 75® C. and soluble in alcohol and ether. 
Krause and Nitsche,^ however, prepared the compound by placing boron 
tripropyl in a llask filled with nitrogen, loosely corking the flask so that 

* Khotinsky and Melamed, Ber., 1909, 42 , 3090, 

2 Michaelis and Becker, Ber., 1880, 13 , 68 . 

® Frankland, Annalen, 1862, 124 , 40 ; Jahresbex.^ 1876, p. 468. 

* Frankland, ibid, 

* Krause and Nitsche, Ber., 1921, 54 , [B], 2784. 
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air could gradually diffuse in, when boron propyl oxide was obtained by 
oxidation, and this substance when recrystallised from a little hot 
water gave the required acid. It formed thick, colourless plates, M.pt. 
107° C., easily soluble in hot water, with difficulty in cold water, and 
fairly soluble in the usual organic solvents. 

Isobutyl boric acid, {C 4 ll 9 )B(OIl) 2 , is prepared as above as 
colourless plates from hot water, M.pt. 112° 

Isoamyl boric acid, (C 5 lTii)B(OH) 2 , forms colourless, rectangular 
plates from water, M.pt. 160° C. It is fairly soluble in the usual 
organic solvents, and forms sodium and ammonium salts, the latter being 
unstable and readily evolving ammonia. 

Aryl Compounds of the Type HyB. 

Boron triphenyl, PhaB,^ is f)repared as follows: One quarter of 
the Grignard reagent from 156 grams of bromoben/cne and 24 grams 
of magnesium in 500 c.c. of ether is saturated with the boron trifluoride 
from 52 grams of potassium borolluoridc, 8 grams of boron trioxide, and 
100 c.c. of concentrated sulphuric acid. The gas is readily absorbed, and 
afterwards the remainder of the Grignard reagent is added, the mixture 
being cooled in ice. The reaction is very violent, and the l)oron ]ihenyl 
fluoride is transformed to lK)ron triphenjd, this change being com])letod 
by several hours’ heating on the water-bath. The ether is then distilled 
oft, and the residue distilled in nitrogen at 13 to 15 mm. j^ressure in an 
oil-bath. Boron tri})henyl slowly distils at 245° to 250° (’. as a thick oil, 
which solidifies on cooling to colourless, thick, six-sided columns, some 
one centimetre in length. After several distillations in carbon dioxide 
it boils at 203° C. at 15 mm., M.])t. 136° C., the yield of pure product 
being about 50 per cent, of the theory. 

The crystals resemble those of triphenylarsine and trijihenylstibine 
in form, are easily soluble in benzene, toluene, and other benzene hydro¬ 
carbons, less soluble in ether, but react with alcohols forming esters. 
Its ethereal solution in the j^rcsence of sodium wire becomes intensely 
coloured, and deposits orange-yellow, prismatic crystals, but oxygen 
destroys the colour.®- ^ 

Boron triphenyl unites readily with ammonia and amines, yielding 
additive compounds in which boron has the co-ordination number 4. 
The method of preparation is general and consists in bringing the com¬ 
ponents together in ethereal solution.® 

Boron triphenyUammonia, PhgB.NHg, forms snow-white crystals, 
very difficultly soluble in ether or cold benzene, easily in hot benzene, 
cold methyl or ethyl alcohol. The crystals in the dry state are stable in 
air, begin to soften about 203° C., and melt with gas evolution to a clear, 
yellow-brown liquid above 212° C. 

Boron triphenyUmethylamine, PhoB.MeNHg* occurs as colourless 
prisms, having similar properties to the above compound. It sinters at 
208° to 209° C., melting to a clear liquid at 210° to 211° C. 

Boron triphenyUethylamine, M.pt. 166° to 168° C., and the corre- 

^ Khotinsky gives the melting-point as 104° C. and isoamyl boric acid as 101 ° 0. 

* Krause and Nitsche, Rer., 1922, 55 , [B], 1261. 

* Krause, Ren, 1924, 50 , [B], 216. 

* If excess of Grignard reagent is used in the above reaction, a mixture of boron 
triphenyl, boron diphenyl fluoride, and phenyl boron difluoride, appears to be formed. 

^ * Krause, Ren, 1924, 57 , [B], 813. 
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spending n-propylarnine derivative melting above 180® C., with decom¬ 
position, have been prepared. 

The dimethyl and trimethylamine derivatives melt at 200 ® C. and 185® 
to 137® C. resj)ectively. 

From aromatic compounds, the following combinations have been 
isolated: boron triphenyl aniline^ M.pt. 138® to 140® C. with decom¬ 
position ; with pyridine, M.pt. above 214® C. with decomposition ; 
with quinoline^ M.])t. 100 ® to 170® C. with deeom}>osition ; with quin- 
(ddinc, M.pt. 110 ® to 112 ® C. with decomposition ; with piperidine, M.pt. 
213® to 214® C., deeonn 3 osing above 216° C.; with phenyl hydrazine, 
M.pt. 138® to 140® C. 

Arijl Compounds of the Type RgBX. 

Boron diphenyl chloride, PhgHC*!, is a colourless liquid, faintly 
fuming in air, and slowly decomposed by water.^ It is obtained by 
heating boron [)lienyl diehloride (8 grams) and 18 grams of mercury 
diphenyl in a scaled tube at 300° to 320® C. for twenty-four hours. I'lic 
crude ])roduct is taken up in petroleum ether, the solvent removed, and 
the residue fractionated, the portion distilling at 270® to 271® C. being 
pure boron diphenyl chloride. Yield 3*5 grams. 

Boron diphenyl bromide was first obtained fis a by-])roduct in the 
pre]>aration of boron phenyl dibromide, from boron tribromide and 
mercury diphenyl, the compound being contained in the IVaetion dis¬ 
tilling above 150® C. at 20 mm. It may be more readily isolated by 
taking the j^ro})ortions represented by the following equation :— 

PhgHg+BBrg^PhgBBr+IIgBr^ 

A crystalline, colourless mass is formed, M.pt. 2 t® to 25° C., redden¬ 
ing in air, and decomposing with water with separation of diphenyl 
boric acid .2 


Aryl Compounds of the Type RBXg. 

Boron phenyl difluoride, Ph.BFg,® an oil, B.pt. 70® to 75 ® C.; 
difiuoride has been previously mentioned under the preparation of boron 
tri phenyl. 

The dichloride is obtained according to the equation ; 

2 BCI 3 +Ph gllg = 2 PhBCl 2 +HgCl 2 

the substances being heated in a sealed tube at 180® to 200 ® C. It is a 
colourless liquid, soon becoming red in air, and boiling at 175® C., 
although it may be solidified at low temperatures, but melts again at 
0 ® C. Atmospheric moisture causes it to fume, and when dropped into 
water it is decomposed with a hissing noise. If chlorine is passed into 
the liquid at the ordinary temperature it is partly decomposed, yielding 
chlorobenzene and boron trichloride, but if all the air is removed by 
carbon dioxide before the chlorine is passed in boron phenyl tetra¬ 
chloride results. 

The dichloride reacts ^ with chlorobenzene and sodium to form boron 
triphenyl. 

^ Michaelis, Ren, 1894, 27 , 244. 

* Michaelis and Richter, Anndkn, 1901, 315 , 26. 

® Krause, German Patent, 371467; Ghem, ZerUr,, 1923, ii, 1089. 

* Michaelis, Ren, 1889, 22 , 241. 
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The dibromide is obtained when the boron trichloride in the above 
equation is replaced by the tribroinide. It crystallises in colourless 
tablets, M.j)t. 32^" to 34^*C., B.pt. 99*" to 101 '' (\ at 20 nim., fumes strongly 
in air, lias a j)ung<ait smell, and is decomposed by water giving phenyl 
boric acid. 

Boron o-tolyl dichloride is a colourless, thick oil having a strong 
smell, and faintly fuming in air. When cooled to 0 " C. it solidifies, 
melting again at 6 " C., and with water yields the corresponding boric 
acid.^ 

Boron p-tolyl difluoride, ^ is an oil, B.pt. 95" to 97" C. The 
corresponding dihromide^ forms a white, crystalline mass, M.pt. 44° to 
45" C., B.pt. 145° C. at 25 mm. (approx.), which fumes strongly in air, 
and is violently deconi]x>sed to the acid by water. 

Boron o- and p-anisyl dichlorides, CII3O.C6lI4.BCl2. The former 
was not analysed by Michaelis, but he stated that its projierties were 
similar to those of the p-anisyl derivative. This latter compound is a 
light, ycllowisli-red to violet liquid, B.pt. 182" C. at 170 mm., and on 
cooling solidifies to a crystalline mass which melts at 30" C. It fumes 
strongly in air, and reacts vigorously with water to form the acid. 

Boron o- and p-phenetyl dichlorides. ^—The first of these com¬ 
pounds has only been obtained in small quantities and has not bccai 
analysed, although the acid has been derived from it. The para com¬ 
pound is a colourless liquid, B.})t. 220 " C. at 400 mm., which may be 
obtained as a crystalline mass, M.pt. 2 " C., the general ])ropertics })eing 
similar to those of the anisyl deriviitive. 

Boron o-xylyl dichloride boils at 212 " C. and melts at about 0 " C.'* 
The meta compound is a colourless, very strongly fuming litiuid, B.j)t. 
218" C., and is ))repared by heating mercury di ni-xylyl with an excess 
of boron trichloride in a scaled tube at 200 " C. for twenty-four hours. 

Boron m-xylyl dibromide is a colourless, refractive liquid, boiling 
at about 125" C. at 15 mm., density at 15" C. 1 *57. 

Boron-p-xylyl dichloride may be prepared similarly to the meta 
compound, but the reaction takes place at 180" C. It distils as a trans¬ 
parent liquid at 205" C., and fumes strongly in air. 

Boron pseudocumyl dibromide® is a colourless liquid, boiling 
between 170" and 190" C. at 1C mm., with partial decomposition. 
When treated with water it yields the oxide. 

Boron a-naphthyl dichloride, C 10 H 7 BCI 2 , boiling at about 104" C. 
at 25 mm., is prepared by heating mercury di-a-naphthyl and boron 
trichloride at 120 ° to ISO"" for eleven hours. The ^-naphthyl derivative 
forms colourless needles, M.pt. 110 " C., and is readily soluble in dry 
benzene, ether, or petroleum ether, fumes slightly in air, and yields the 
acid with water. 

Aryl Compounds of the Type RgBOH. 

Diphenyl boric acid, PhgB.OH.^^When boron diphenyl chloride 
or bromide is treated with sodium hydroxide, and the clear solution 

^ Michaelis, Rer., 1889, 22 , 241; Michaelis and Becker, ibid.y 1879, I 2 , 58. 

2 Krause, German Patent, 371467; Chem, ZerUr,, 1923, ii. 1089. 

8 Michaelis and^Richter, AnnaUn, 1901, 315 , 26. 

* Michaelis, Annaleyiy 1^1, 315 , 19. 

« 0 jHj.Me.Me.Me.BBrj=l : 2 : 4 : 5. 

® Michaelis, Ber,, 1894, 27 , 244 ; Michaelis and Richter, loc. cit. 
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neutralised with hydrochloric acid, the acid is formed, and may be 
extracted with ether. Evaporation of the solvent yields a fuming 
residue, B.pt. 215° to 235° C. at 17 mm., which crystallises on cooling; 
the crystals colour the flame green, and melt to a colourless liquid 
with hot water. It is soluble in the usual organic solvents and in alkalies, 
readily forming salts in the latter. 

Di-p-tolyl boric acid is only known in the form of its anhydride 
(CIT 3 .CgH 4 .B) 20 , since the chloride has not been isolated in the pure 
state. This oxide is a white powder, M.pt. 78° C., easily soluble in 
organic solvents, but insoluble in water. 

Aryl Compounds of the Types RB(OH )2 and RBO. 

Phenyl boric acid, PhB(OH) 2 .^—The magnesium compound from 
50 grams of broinobenzenc in 200 c.c. of ether is saturated with the 
boron trifluoride from 52 grams of potassium borofluoridc, 8 grams of 
boron trioxide, and 100 c.c. of concentrated sulphuric acid. After 
boiling for two hours under reflux, the product is icc cooled, and 
decomposed by cautiously adding 60 c.c. of water. The ctlier layer is 
then separated off, and the residue extracted several times with ether, 
the solvent removed, and the solid obtained boiled with 100 c.c. of 
water for one hour on the water-bath and Altered whilst hot. On slowly 
cooling, i)urc })hcnyl boric acid separates in snow-wliite bushy needles, 
several centimetres in length, M.pt. 216° C. It has similar [)roperties to 
the compound obtained by Michaelis and Richter'^ by the action of 
water on boron ])heiiyl dibromide. When kept in vacuo over |)hos- 
j)horus ])entoxidc it slowly changes to phenyl boron oxide. I'lie 
isobutyl ester is a liquid, B.pt. 180° to 187° C. at 30 to 35 mm. 

p-Ghlorophenyl boric acid forms sheafs of needles, M.pt. 275° C., 
and p-bromophenyl boric acid, needles, M.pt. 191° C. 

The following boric acids, unless otherwise stated, have been pre¬ 
pared by the action of water on compounds of tlie type ArBXg:—^ 

o-Tolyl boric acid occurs as needles, M.pt. 160° to 161° C., easily 
soluble in alcohol or ether, but with difficulty in petroleum ether or 
water. When treated with ammoniacal silver solutions it gives a 
])ale yellow, flocculcnt precipitate, which soon blackens on boiling, 
silver oxide and toluene being produced: 

2C7ll7B02llAgf3H20-2C7H8+2B(01I)3+Ag20 
With mercuric chloride, o-tolyl mercuric chloride is formed : 

C,H,.B.(0H)2+HgCl2+H20^C7H,IIgCl+HClfB{0H)3 

m-Tolyl boric acid, M.pt. 137° to 140° C., reacts with mercuric 
chloride, yielding m-tolyl mercuric chloride. Its isobutyl ester, C 3 H 4 . 
CH 3 B( 0 .C 4 H 9 ) 2 , is a liquid, B.pt. 195° to 207° C. at 66 mm., and it may 
be prepared by the following general reaction ;— 

RMgX-fB(OR') 3 =BR(OR') 2 +R'O.MgX 
which is carried out under pressure.^ 

^ Krause and Nitsohe, Ber., 1922, 55 , [Bj, 1261; Krauso, German Patent, 371467; 
OJiem. Zenir., 1923, u. 1089. 

* Michaelis, Ren, 1894, 27 , 244. 

^ Michaelis, ibid. 

^ Khotinsky and Melamed, Rcr., 1909, 42 , 3090. 
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p-ToIyl boric acid, M.pt. 240^ C., yields p-tolyl mercuric chloride 
by the usual treatment. An alkaline solution of potassium perman- 
/[jfanate oxidises the methyl i(roup to carboxyl? when p-cnrboxy-phenyl 
boric acid is formed, IIOOC.C' 6 ll 4 .B(OII) 2 , as white, ^jlistening, retractive 
needles, M.pt, 225° C. The crystals are easily soluble in hot water or 
alcohol, less soluble in ether or benzene, and when heated no anhydride 
is formed. Rapid heating decomposes the compound to benzoic acid and 
meta-boric acid: 

/COOll 

CfillZ -CflHsCOOH +RO(OH) 

\n(0U)2 

this reaction being similar to that of the related i)hosphorus tlerivativc, 
namely: 

yCOOlI 

C JiK - ( eHsCOOll 1 IIPO., 

\P0(0II)2 

The reacition with mercuric chloride takes a somewhat different course 
in the case of this compound : 

XOOH XOOII 

CeH/ +HgCl2+H20:^CeIl4<; +lICl+B(OH), 

\B(0H)2 ^HgCl 

This chloromercuri benzoic acid is a white, crystalline powder, M.j>t. 
272° C., soluble in absolute alcohol and insoluble in water, dissolves in 
aqueous alkalies, but is re]>recipitatcd by acids. The barium salt of 
p-carboxy-phenyl boric acid. 


Cell 



COO—Ba 


+11 2 O 


is obtained as a wdiite j^rccipitatc by the action of barium chloride on a 
carbon dioxide-free, ammoniacal solution of the acid. It is very soluble 
in cold water, but the solubility diminishes with rise of temperature. 
At 200° C. the water of crystallisation is not driven off, and the hydroxyl 
group bound to the boron atom is unaffected. 

Two lead salts are known, botli white powders, namely : 

[HO(HOPbO)BCeH 4 COO] 2 Pb and (Pb 02 B.C 6 H 4 C 00 ) 2 Pb. 2 ll 20 

The silver salt, AgO.CO.€ 0114 . 6(011 )0.4g, is a white precipitate, 
easily decomposed, and yellow when dry. On heating with water it 
first becomes brown, then black, and silver oxide separates, along with 
boric and benzoic acids, or silver benzoate. 

o-Anisyl boric acid occurs as small, glistening plates, from hot 
water, M.pt. 105° C.; the para acid yields white tablets of the mono¬ 
clinic system, melting at 201° to 203° €., soluble in ether, hot alcohol, or 
benzene, less soluble in hot water. It reacts with ammoniacal silver 
solutions in the usual way, and yields p-anisylmercuric chloride with 
mercuric chloride. 

o-Phenetyl boric acid crystallises from water in small, white 



ORGANOMETALLIC DERIVATIVES OF METALS OF GROUP III. 231 

needles, M.pt. 171*^ C. ; the para compound in clusters of feathery, 
glistening needles, M.pt. 159° C., which are easily soluble in cold alcohol, 
ether, or hot benzene. Both compounds react with mercuric chloride, 
but neither of them yields an oxide on heating, or forms salts, these 
properties being shared by the anisyl compounds. 

Benzyl boric acid, M.pt. 161° C.,^ forms an isobutyl ester, B.pt. 
189° to 196° C. at 36 mm. 

o-Xylyl boric acid ^ yields line, colourless needles, M.pt. 190-5° C.; 
the rneta acid is obtained by heating the oxide with water, its diethyl 
being a colourless liquid, B.pt. 160° C., formed when boron m-xylyl 
dichloride is dro])ped into a large excess of absolute alcohol. The para 
acid (!rystallises from water in feathery groups of hair-like needles, 
M.pt. 186° C., which slowly change to the oxide in the desiccator. 

a-Naphthyl boric acid® crystallises in fine, colourless needles from 
water, sintering at 242° C. and melting at 259° C. It is easily soluble in 
ether, alcohol, hot water, with difficulty in petroleum ether or cold 
water. a-Naphthyl mercuric chloride may be isolated from the acid 
in the usual way. When boiled with water, particularly in the presence 
of alkali, the acid yields naphthalene and boric acid : 

CioIl7B(011)2+H20=CioH8+B(OH)3 

Although the acid reddens litmus, it only forms salts with difficulty; 
the barium and silver salts are known, the latter reacting with water 
to produce naphthalene, silver oxide, and boric acid. 

)3-Naphthyl boric acid exists in two modifications. When re- 
crystallised from water, colourless plates arc produced, melting at 248° C.; 
these when dissolved in a little alcohol, and the solution poured into cold 
water, a])pear as the second modilication, in fine needles, M.pt. 266° C.; 
rccrystallisation from hot water changes this second form back into the 
first. The latter modification acts towards alkali and mercuric chloride 
as the a-naphthyl acid. The barium salt forms pale reddish plates, 
easily soluble in hot water, and the silver salt is also known. Distilla¬ 
tion of boron-^-iiaphthyl dichloride and sodium methylate under 50 mm. 
|)ressure leads to the formation of the methyl ester of the acid, which is an 
odourless, thick, colourless liqiiid, boiling at 160° to 180° C. at 50 mm. 
It fumes in air, and changes to the oxide when treated with water. 

The following oxides are formed either by the action of water on the 
dihalidcs or by dehydration of the acid in vacuo. Those obtained by 
the first method are marked (A), by the second (B). 

Phenyl boron oxide, (A) and (B). 

o-Tolyl boron oxide, (B), is a white powder, soluble with difficulty 
in alcohol or ether, and supposed to be formed when the acid melts. 
The corresponding para oxide, (B), melting at 257° to 258° C., is recon¬ 
verted by hot water to the acid. 

o-Xylyl boron oxide, (B), M.pt. 226° C.—The dehydration of the 
acid in this case only requires forty-eight hours, but in the case of p- 
xylyl boric acid three weeks is needed to complete the change. 

m-Xylyl boron oxide, (A), crystallises from ether in white needles, 
M.pt. 202° C,, is soluble in alcohol or benzene, but insoluble in cold water. 
A solution of the oxide in very dilute ammonium hydroxide, when treated 

^ Khotinsky and Melamed, B&r., 1909, 42 , 3090; Krause, German Patent, 371467; 
Chtm. Zentr,, 1923, ii. 1089. 

* MichaeUs, Annalen, 1901, 315 , 19. ® Michaelie, Ber., 1894, 27 , 244. 
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witli silver nitrate, gives a pale yellow precipitate of the acid silver salt, 
C 8 ll 9 B(OH)(OAg). 

p-Xylyl boron oxide, (B), M.pt. 176° C., forms a salt as above. 

Pseudocumyl boron oxide, (A), crystallises from ether in white, 
glistening needles, M.pt. 211 ° C., insoluble in water, easily soluble in 
the usual organic solvents. 

a -Naphthyl boron oxide is a white, miero-crystallinc powder, 
difficultly soluble in ether or petroleum ether, but more soluble in alcohol. 

j8-Naphthyl boron oxide, (B), may be prepared also by the action 
of sodium cthoxide upon boron naphthyl dichloride ; 

CioH 7 BCl 2 + 2 NaOEt -CioH^BO +2NaCl +Et 2 () 

The oxide crystallises in fine, colourless needles, M.pt. 206° C., is soluble 
in alcohol, with difficulty in ether, and insoluble in light petroleum. It 
requires prolonged boiling with water to change it back to the acid. 

Aluminium. 

Alkyl Compo 2 wds of the Type II 3 AI. 

Aluminium trimethyl, McgAl, is a fuming liquid, spontaneously 
inflammable in air, solidifying to a crystalline mass about 0 ° C. It was 
no doubt obtained for the first time by Cahours,^ but only in small 
quantities, by the action of mercury dimethyl u})()n aluminium at 100 ° 
to 130° C. The w^ork has been repeated,^ the same eonij)oncnts being 
heated for several hours in a sealed tube jilaced in a water-bath. The 
compound obtained is then distilled over fresh aluminium, and after¬ 
wards distilled in hydrogen, the liquid distilling at 130° C. The 
boiling-point^ is 127° to 129° C., and vapour density determinations 
indicate that the substance has the simple formula, Me 3 Al.^ 

Aluminium triethyl may be prepared in a similar manner to the 
methyl compound.® Aluminium triethyl is a liquid, B.pt. 194° C. when 
distilled in hydrogen ; it does not solidify at —18° C. It is decomposed 
with explosive violence by water ; with iodine it yields ethyl iodide and 
iodine derivatives. At 234° C. the vapour density is 4-5 (theory 3-9), 
the refractive index having the value njj 1*480 at 6*5° C. 

A compound of aluminium triethyl with aluminium bromide has also 
been described, (C 2 H 5 ) 3 Al.AlBr 3 , but its existence seems doubtful.® 

Aluminium tripropyl,’ formed in the usual way at 130 ° C., is a 

‘ Cahours, Annahn, 1860, 114 , 242. 

* Buckton and Odling, Annalen, Sapp., 1865-1866, 109-113 ; Proc. Roy. !Soc., 1865, 
X4, 19. 

* Quincke, Zeitsch. physikal. Chem., 1889, 3 , 164. 

^ See Louise and Roux, Compt. rend., 1888, 107 , 601 ; Bull, 80 c. chim., 1888, [2J, 50 , 
511. Buckton and Odling gave the following figures for the vapour density : 2*80 at 240® C .; 
2‘80 at 220° C.; and 2*81 at 220 ° C., theory requii*ing the value 2*5 ; the n'iractive index 
is nn^* 1*432 (Bleekrode, Rec, trav. chim,, 1885, 4 , 80). 

* Cahours states that aluminium and ethyl iodide when heated in a sealed tube for 
24 hours at 130° give rise to a colourless liquid, fuming in air and boiling at 340° to 350° C. 
It is found to be a double compound of aluminium iodide and aluminium triethyl, but 
treatment with zinc ethyl decomposes it with the formation of zinc iodide and aluminium 
triethyl. A similar observation was made by Hallwachs and Schafarik {Annalen, 1859, 
109 , 207), but these investigators only appear to have isolated the double compound. 

* Fiirstenhoff, Chem. Zentr., 1904, i. 785. 

’ Cahours, Jahresber,, 1873, p. 518; Ber., 1873, 6 , 567; Compt. rend., 1873, 76 , 133, 
748,1383; Louise and Roux, he. cit. 
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colourless liquid, inflammable in air, B.pt. 248^^ to 252® C. It yields 
with water, propane and aluminium hydroxide. 

Aluminium tri-isobutyl ^ is a colourless liquid, fuming in air. 
Aluminium tri-isoamyl is a liquid, boiling about 250® C, at 80 to 
100 mm.; vapour density determinations indicate the formula to be 
A1,(CbHu)6.* 


Aluminium Trialkyl Etherates,^ 

Aluminium triethyl-etherate, 4AlEt3, 3Et20, may be obtained 
in several ways, namely : 

1. By the action of ethyl bromide on an alloy of niagiiesiuin and 
aluminium in the ])resence of dry ether. The alloy contains 15-10 per 
cent, of aluminium, 0-24 per cent, of silicon, and traces of iron and 
calcium. The reaction mixture is cooled, and the ethyl bromide added 
in small ])ortions, as the reaction is vigorous. After conqfletion, the 
ether is distilled off and the residue distilled in nitrogen under reduced 
l)ressure, namely, at 140° to 180° C. at 14 to 3 0 mm. 

2. From aluminium triethyl and anhydrous ether. 

3. In quantitative yield from ethyl magnesium bromide and anhy¬ 
drous aluminium chloride. 

The etherate is a colourless, mobile liquid, B.pt. 112° C. at 10 mm., 
and is stable in a sealed tube, even when exposed to light. It reacts 
with explosive violence with water, but is not spontaneously inllammabic 
in air, although it undergoes rapid decomposition. At atmospheric 
pressure its boiling-j)oint is 210° to 218° C., slight decomposition taking 
place. The following physical constants liave been determined : 
B.pt. 110-5° C. at 13-5 inin.; density at 17*4° C., 0-8200 ; Uiu 1*43433 ; 
Hi) 1-13700 ; 1*44349 ; iiu., 1-448^ at 17-4° C. 

Aluminium trimethyl etherate, B.pt. 68"* C. at 15 mm., tends to 
be S})oiitaneousIy inflammable. 

Aluminium tripropyl etherate, B.])t. 135° C. at 18 mm., fumes 
strongly in air. 

Alkyl Compounds of the T'ypes RgAlX and llAlXa- 

Aluminium ))owder and dry ethyl iodide, free from alcohol, react in a 
nitrogen atmosphere to give a mixture of these types of compounds. 1 n 
air, the compounds are spontaneously inflammable, but the ethcrates do 
not exhibit this property.^ Aluminium diethyl iodide is a clear, mobile 
liquid,B.pt. 118° to 120°C. at 4 to 5 inm.,density 1-609 at27° C. Alumin¬ 
ium ethyl di-iodide has M.pt. 35° to 37° C., B.pt. 158° to 160° C. at 
4 mm. When its ethereal solution is treated with benzoyl chloride, aa- 
dibenzoylethane, a little propiophenone and ethane are formed.^ Acetone 
and acetophenone with aluminium ethyl or isoamyl iodides yield mesityl 
oxide and triphenylbenzene respectively.® The following compounds 
have also been obtained : Al 2 l 3 (NH 2 ) 3 .Et 20 , from aluminium ethyl 
iodide and ammonia; Al 2 l 3 {NHEt) 3 .Et 20 , from aluminium propyl 

^ Cahours, Compt rend., 1873, 77 , 1403. 

* Louise and Roux, loc, cit, 

» Krause and Wendt, Ber., 1923, 56 , [B j, 466. 

■ ^ Grignard and Jenkins, Oompt. rend., 1924, 179 , 89. 

^ Leone, Atti. M. Accad, Lincei, 1926, [vi,], z, 229, 443. 

® Leouo and Braicovie, AUi. Jt. Accad. Lincei, 1924, [v.], 33 , 667. 
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iodide and ethylamine; Al 2 l 3 (NMe 2 ) 3 .Et 20 , from aluminium propyl 
iodide and dimethylaminc; Al 2 l 3 (NHPli) 3 .Et 20 , from aluminium 
ethyl iodide and aniline. All these compounds are white, crystalline 
powders, decomposed by moisture with evolution of ammonia. 


Aluminium Compound.s from Methylene Iodide, 

When aluminium and metliylene iodide are allowed to stand for a 
considerable period, a reaction takes place and the mixture solidifies. 
The compound is white, crystalline, and lii^hly reactive.^ If the 
reaction is allowed to take place in anhydrous ether, the aluminium 
dissolves, a heavy liquid is obtained, and ethylene evolved. The re¬ 
action is represented .as takinif ])laee .as follows :— 

3CH2l2+4Al-:3CH.: AH +AII 3 
GCll 2 l 2 f4Al-=3C2H4 f 4 AII 3 

With methylene bromide a similar compound is obtained, but the 
reaction is slower and less ethylene is evolved. The compounds yield 
additive products with iodine, Cllgl.AlBrI, and the latter when dccom- 
jDOsed by water gives methyl iodide: ^ 

CH 2 l.AlBrI +H 2 O + AlBrI.OH. 

Aryl Compounds of the Type R 3 AI. 

Aluminium triphenyl, PI 13 AI.®—Five grams of mercury diphenyl 
and 1 gram (4 mols.) of aluminium sheet cut into small pieces are 
heated in c;omj)lete absence of air and moisture in a stream of hydrogen 
or nitrogen. At 140'^ C. the reaction takes place with considerable 
evolution of hc<at and goes quantitatively to completion in ten to 
fifteen seconds. The reaction mass contains some metallic mercury, 
amalgamated aluminium, and a faint yellow, viscous product, which 
crystallises on standing. It is washed with dry ether, in which the 
bulk dissolves leaving a small residue which is filtered off, and the 
ether is then removed in vacuo. The product thus obtained as fine, 
white needles, M.pt. 112 ° to 113° C., contains 1 mol. of ether of 
crystallisation (PhgAl.EtgO); this on removal by heat gives pure 
aluminium triphenyl, M.pt. 196° to 200 ° C. In compact masses the 
decomposition by air is slow, but dry air passed through the ethereal 
solution produces a white, amorphous precipitate, probably phenyl 
aluminium oxide (PhAlO). With water the compound inflames, alumi¬ 
nium hydroxide, benzene, and diphenyl being formed. Its addition 
compound with ether is only stable in perfectly dry solvents. Alumi¬ 
nium triphenyl reacts with alcohol with evolution of heat, but the 
compound produced does not appear to be the alcoholate, but an 
infusible compound, which yields some benzene and a strong smell of 
phenol on treatment with water. 

Condensation products formed by acetone and chloroform do not 
appear to have been very thoroughly investigated, but iodine decomposes 
aluminium triphenyl, yielding aluminium iodide and iodobenzene. 

^ Thomas, Compt. rend., 1922, 174 , 464. 

2 FaiUebin, Compt. rend., 1922, 174 , 112. 

• ^ Hilpert and Griittner, Ber., 1912, 45 , 282$. 
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Indium.^ 

Indium diphenyl chloride. -Indium trichloride ^ Ironi I-IO grams 
of metallic indium, and 10-77 grams of mercury diphenyl (3 mols.) 
are boiled with 50 c.c. of xylene for thirty-seven hours. After filtering, 
the residue mostly melts at 245° to 250° C., but a portion does not melt 
at 295° G. The mass is extracted in a Soxhlet apparatus with dry 
benzene to remove any mercury compounds, and the residue in the 
thimble (0-647 gram) is organic and found to be indium diphenyl chloride. 
It is a crystalline, cream-coloured powder, insoluble in the usual organic 
solvents, and does not melt at 350° C. 

Indium phenyl oxide. —Metallic indium (1-5 grams) and 2*25 
grams of mercury diphenyl are heated at 270° C. in a nitrogen atmosjdiere 
for thirty minutes, the operatioji being carried out at a pressure of 
17*2 mm. After cooling, the j)roduet is extracted with dry ether and 
the solvent allowed to evaporate spontaneously. An oil remains which 
solidifies on the addition of light ])etrolcum. This is taken up in ether 
and repreeipitated with light petroleum, when a cream-coloured organic 
compound is obtained. It does not melt at 290° C., and its composition 
corresponds to C^lIglnO. 11 X 203 . It is insoluble in cold benzene, and 
only sparingly soluble in cold glacial acetic acid. 


Thai.lium. 

Alkyl Derivatives of the Type RgTlX. 

Thallium dimethyl chloride, (CH 3 ) 2 T 1 G 1 , is ])repared by dissolv¬ 
ing the sulphydratc in acetic acid, and after boiling to cxj)el the 
hydrogen sulphide, dilute hydrochloric acid is added. On cooling, the 
chloride separates in glistening, white, shimmering plates, which do not 
decompose at 280° C.^ 

Thallium dimethyl bromide may be obtained by the interaction 
of magnesium methyl bromide and thallic chloride, and crystallises 
from dilute ammonia containing sodium bromide in white, silver, 
glistening plates, which do not melt at 275° C. When treated with 
silver lluoride it yields thallium dimethyl fluoride, which de¬ 
composes above 280° C. It forms a hydrate containing 12 mols. 
of watcr.^ 

Thallium dimethyl iodide. —This compound is obtained ^ by 
treating the mother-liquors from the above bromide with potassium 
iodide, the decomposition temperature of the product being given as 
264° to 266° C. It may also be prepared by the action of magnesium 
methyl iodide on thallic chloride. Obtained in this manner it only shows 

^ Uoddard, unpublished. 

^ In order to prepare tliis salt, metallic indium is j)laoed in a porcelain boat in a com¬ 
bustion tube into which chlorine is passed, the other end of the tube being protected from 
moisture by means of a calcium chloride tube. When all the air has been displaced, the 
tube is carefully heated, the indium burning with a pale blue flame, and the trichloride 
subliming in white crystals along the tube. After cooling, the chlorine is reiJaccd by 
nitrogen and the chloride washed into a flask with dry ether. 

® Meyer and Bertheim, Rer., 1904, 37 , 2051. 

* Krause and Grosse, Rcr., 1926, 58 , [Bj, 272. 

* Meyer and Bertheim, toe. ciL 
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slight decomposition at 295° C., and does not melt at 300° The 
reaction takes place according to the equation : 

TICI 3 + 2 MgRI -TlRgl +MgCl 2 +MgClI 

The iodide crystallises from hot water or dilute ammonium hydroxide 
in shining silvery plates, which are only sUghtly soluble in alcohol or 
acetone, and insoluble in ether or light petroleum. 

Thallium dimethyl hydrosulphide.- When an excess of yellow 
ammonium sulphide is added to an ammoniaeal solution of thallium 
dimethyl bromide, a white precipitate of the hydrosulphidc separates. 
This is washed with hydrogen sulphide water to purify it, but it tends to 
iorm a colloidal solution, which is difficult to filter. When dry it d(*“ 
composes with explosion on heating or in contact with fuming nitric; 
acid. It dissolves in dilute nitric acid, with the separation of sulj)hur; 
and in dilute sulfdiuric or acetic acid, with the evolution of hydrogen 
sulphide. 

Thallium dimethyl carbonate.—This compound crystallises in 
large, hexagonal })lates from the solution ocfcurring from the interaction 
of thallium dimethyl iodide and silver oxide, after boiling and evaporat¬ 
ing in air, the hydroxide formed during the reaction absorbing carbon 
dioxide. It is very soluble in water, moderately so in alcohol or acetone, 
and slightly soluble in ether. By treatment with mineral acids carbon 
dioxide is evoh'ed and salts are formed. 

Thallium dimethyl nitrate is formed when silver nitrate and 
thallium dimethyl iodide are boiled together in aqueous solution. The 
salt does not melt at 300° C. and crystallises from alcohol in shining, 
white j)lates, which arc soluble in water and acetone, but less soluble in 
ether. 

Thallium dimethyl chromate is prepared as above, using silver 
chromate, and forms brilliant yellow plates from water, these decom- 
])osing at 255° C. without melting. The chromate is very soluble 
in water, alcohol, or acetone, and dissolves slightly in ether or light 
petroleum. 

The following methyl compounds have been prepared by treating 
thallium dimethyl iodide with silver oxide, boiling the mixture until all 
the thallium comj)ound has dissolved, and then adding to the solution of 
thallium dimethyl hydroxide thus obtained, the nitrophenol or nitro- 
cresol, and evaporating the whole until crystals appear.*^ 

Thallium dimethyl o-nitrophenoxide crystallises from water 
in brick-red needles, which melt at 237° C. It is easily soluble in warm 
alcohol or pyridine, moderately soluble in acetone, chloroform, or 
toluene, slightly soluble in ether or carbon tetrachloride, and insoluble in 
light petroleum. 

Thallium dimethyl m-nitrophenoxide is isolated both as the 
acid and normal salt. The former has the formula, CgHioOgNTl. 
CgHgOgN, and crystallises from water in brilliant red cubes, which soften 
at 150° C., and melt to a clear red liquid at 159° C. The normal com¬ 
pound, however, crystallises in yellowish-orange plates, which melt to a 
red liquid at 202 ° C., the latter decomposing on boiling. This form may 
also be derived from the acid variety by treatment with alcohol or 
ether. It is soluble in cold pyridine, acetone or warm alcohol, inoder- 

^ Goddard, Trans, Chem, Soc., 1921, 119 , 672. 
o * Goddard, ibid,, 1310. 
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ately soluble in ether, toluene, or chloroform, and insoluble in carbon 
tetrachloride or li^jht petroleum. 

Thallium dimethyl p-nitrophenoxide crystallises from alcohol 
in yellow ])lates, which darken at 273° C. and explode violently at 275° C. 
It is easily soluble in cold pyridine, moderately soluble in Jilcohol or 
acetone, and insoluble in other organic solvents. 

Thallium dimethyl 4 : 6*dinitro-2-aminophenoxide. — This 
compound, which is obtained by the use of })icramic acid, crystallises 
from water in small, deep reddish-violet plates, darkening at 220° C. and 
melting with decomposition at 236° C. It is easily soluble in alcohol, 
acjclone, or pyridine, moderately soluble in ether, and insoluble in 
chloroform, carbon tetrachloride, toluene, or light petroleum. 

Thallium dimethyl 3-nitro-o-tolyloxide crystallises in deep red 
plates, which have a browm reflex, and melt to a deep red liquid at 186-5° 
C. The salt is readily soluble in cold pyridine, w^arm alcohol, acetone, 
ether, toluene, or chloroform, moderately soluble in carbon tetrachloride, 
and slightly soluble in light ]:)etroleum. The colour of all these solutions 
is red, dilution not completely destroying the red tone. 

Thallium dimethyl acetate is formed when thallium dimethyl 
hydroxide solution is treated with acetic acid, the concentrated solution 
yielding elongated plates, M.pt. 293° C. The acetate is very soluble in 
water, alcohol, or acetone, less soluble in ether or petroleum. 

Thallium diethyl chloride. —This derivative was first obtained 
by the action of zinc diethyl on thallic chloride.^ Hansen stated that 
his coin])ound was soluble in hot water, alcohol, and ether, crystallised 
in silky, glistening crystals, which remained unmeltcd at 225° C., and 
decomposed witJi explosion on sudden heating, forming thallous chloride 
and a gas. The specimen obtained by Hartwig was scarcely soluble in 
(‘ther, and when heated in the dry state in a paraffin bath to 190° C. 
decomposed with slight explosion, an inflammable gas being evolved. 
Another preparation ^ from the interaction of magnesium ethyl chloride 
and thallic chloride was stated to decompose at 205° to 206° C., and to be 
more di fficultly soluble than the methyl compound. The present author, 
however, from his observations of these thallium compounds, is in¬ 
clined to believe that this chloride does not melt even at 300° C. 

Thallium diethyl fluoride decomposes above 170° C. and forms 
a hydrate crystallisinir in ])lates. 

Thallium diethyl bromide is easily isolated from magnesium ethyl 
bromide and thallic chloride; its solubility falls between that of the 
chloride and iodide, and it remains unmelted at 300° C. * 

Thallium diethyl iodide crystallises from water in white plates 
when quite })urc, and investigators differ regarding its temperature of 
decomposition.^ It may be prepared from the corresponding chloride or 
bromide by the addition of potassium iodide to their aqueous solutions, 
or by the interaction of thallium diethyl sulphate and barium iodide, 
also by use of the Grignard reagent. It is difficultly soluble in water, 
alcohol, or ammonia, but may easily be recrystallised from pyridine. 

Thallium diethyl hydroxide. —All the above halide compounds 
when boiled with silver oxide give a solution of the hydroxide, and when 

1 Hansen, 1870, 3 , 9; Hartwig, ibid,j 1874, 7 , 298. 

* Hartwig, Anmlen, 1875, 176 , 257. 

* Meyer and Bertheim, Bcr., 1^4, 37 , 2051. 

* Hartwig gives 195° C.; Meyer and ^fertheim, 185° to 187° C.; Goddard, above 300° C. 
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making salts such a solution may be used, since it is not necessary to 
isolate the solid hydroxide. This, however, may be accomplished as 
follows : 6-4 grams of thallium diethyl iodide are dissolved in 300 c.e. 
of boiling water, and the silver oxide derived from 20 grams of silver 
nitrate added, whilst the whole is kej)t boiling by leading in steam until 
a test portion of the filtrate is halogen-free. The liquid is then filtered 
in carbon dioxide-free air, and evaporated to a small bulk in a stream of 
hydrogen. After cooling in the gas stream, a white, crystalline mass 
apj)ears, and this is dried in vacuo over phosphorus ])entoxide and soda 
lime. The base thus obtained melts at 127° to 128° C., is very soluble in 
water and alcohol, the solutions acting strongly alkaline towards litmus, 
and rapidly absorbing carbon dioxide from the atmosphere. It explodes 
in contact with fuming nitric acid, precipitates the hydroxides of metals 
from their aqueous solutions, and yields salts when treated with acids 
or compounds containing acid grou]>ings. 

Thallium diethyl hydrosulphide is ])re])ared in a like manner to 
the dimethyl compound and possesses similar {)ro]H‘rties. 

Thallium diethyl carbonate.—^\Vhen the eorrcs|K)nding bromide 
or iodide is boiled Avith silver oxide m aqueous solution, and the liltratc 
evaporated in the jiresenee of air, the carbonate is dej)osited in glistening 
needles, which decompose at 204° C. The salt may l)c recrystallised 
from alcohol, or ])recipitated from alcoholic solution by ether, and it is 
less soluble in hot water than in cold. Its solutions sliow an alkaline 
reaction, and when treated with acids, salts are formed with the evolu¬ 
tion of carbon dioxide. 

Thallium diethyl hydrogen carbonate. —When the above salt 
is dissolved in water and the solution saturated with carbon dioxide, 
the addition of alcohol precipitates the hydrogen carbonate as a white, 
crystalline powder. This in solution reacts feebly alkaline, but if the 
solution be evaporated by heating, the normal salt is again formed. 

Thallium diethyl nitrite.^ —A suspension of thallium diethyl 
iodide in acetone is shaken with the calculated amount of silver nitrite 
for one hour, and allowed to stand overnight. After filtration, the 
acetone solution is evaporated, the nitrite crystallising in large trans¬ 
parent plates, which remain unmelted at 290° C. It is also completely 
soluble in hot pyridine, but insoluble in other organic solvents. 

Thallium diethyl nitrate. —When the aqueous solution derived 
from the interaction of thallium diethyl cliloride and silver nitrate is 
concentrated, white plates are deposited. This compound, which is 
the nitrate, is said by Hartwig to explode at 236° C., but this seems 
doubtful, considering that the nitrite does not decompose at 300° C. The 
compound is moderately soluble in water, with difficulty in alcohol, and 
insoluble in ether. 

Thallium diethyl sulphate may be prepared by the same method as 
the nitrate, and crystallises in plates or needles, which are stated to 
explode above 205° C. It is soluble in water, ether, or alcohol. 

Thallium diethyl phosphate crystallises in needles, exploding at 
189° C. and easily soluble in water and alcohol, slightly soluble in ether. 

Thallium diethyl chromate is deposited from aqueous solution in 
brilliant yellow plates, which are also very soluble in alcohol, but less so 
in ether. The chromate decomposes with violent explosion at 193° C. 

Thallium diethyl thiocyanate forms small, colourless plates, 
^ 1 Goddard, Trans, Chem, Soc., 1922, I2I, 37. 
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which are readily soluble in water or alcohol, but only slightly so in 
ether. The compound is quite stable up to 300° C. 

Whilst the fore^roing compounds were prepared by the action of 
silver salts on thallium diethyl halides, those now to be described 
were obtained by direc t action of acid compounds on thallium diethyl 
hydroxide solutions.^ 

Thallium diethyl acetate crystallises in short white needles, M.pt. 
232° to 233° C., and has a similar solubility to the corresponding^ methyl 
compound. Ilartwi^^ described an acetate which slightly blackened at 
212° C., and distilled unchanged at 245° C. 

Thallium diethyl trichloroacetate forms white, crystalline plates, 
which do not melt at 300° C. The salt is very soluble in w’^atcr, alcohol, 
or acetone, but less so in light ])etroleum. 

Thallium diethyl propionate, M.pt. 228° to 229° C., ocicurs in fine, 
short needles, conqiletely soluble in hot alcohol, ethyl acetate, toluene, 
or acetone, in cold pyridine or chloroform, moderately soluble in hot 
ether or carbon tetrachloride, and sliglitly soluble in light ]>ctroleurn. 

Thallium diethyl valerate yields small needles, M.pt. 215° C., 
which are completely soluble in cold alcohol, ether, pyridine, chloroform, 
or hot carbon tetrachloride, moderately soluble in cold toluene, acetone, 
or ethyl acetate, and insoluble in light })ctroleum. 

Thallium diethyl n-hexoate forms transj)arent needles, half an 
inch in length, softening at 182° C. and melting at 190° C.; except 
for its solubility in light ])etroleum, it agrees in all respects with the 
valerate. 

Thallium diethyl n-octoate occurs as long, transparent needles, 
M.pt. 159° C., which exhibit similar solubility to the hexoatc. 

Thallium diethyl lactate crystallises in small plates from alcohol, 
which decompose suddenly without melting at 207*5° C. The salt is 
soluble in cold water, acetone, or alcohol, and easily soluble in boiling 
chloroform, toluene, or ethyl acetate. 

Thallium diethyl p-nitrobenzoate yields microscopic needles, 
M.pt, 218° C., which arc completely soluble in cold pyridine, moderately 
soluble in alcohol or chloroform, slightly soluble in carbon tetrachloride, 
toluene, ethyl acetate, or acetone, and insoluble in ether or light petro¬ 
leum. 

Thallium diethyl p-iodobenzoate forms small white needles, 
decomposing with slight explosion at 220° C. and having a similar 
solubility to tlie p-nitrobenzoate. 

Thallium diethyl m-bromobenzoate yields small, white needles, 
which decompose with considerable gas evolution at 220° C., and with 
the exception of its insolubility in acetone, the corn})ound resembles 
the nitrobenzoate. 

Thallium diethyl o-nitrophenoxide softens at 200° C. and melts 
with decomposition at 210° C., crystallises from water in brilliant scarlet 
plates which arc soluble in cold alcohol, ether, chloroform, acetone, or 
boiling toluene, and are insoluble in light petroleum. 

Thallium diethyl m-nitrophenoxide forms brownish-orange, 
oblong plates, M.pt. 196° C., after darkening at 194° C. The compound 
is less soluble in the above-named solvents than the ortho derivative. 

Thallium diethyl p-nitrophenoxide crystallises from water in 
lemon-yellow, rhomboidal plates, darkening at 233° C. and melting at 
^ Goddard, Trams. Chem. Soc., 1922, I2i, 3(5. 
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288® C. It is less soluble in water than the ortho- and meta-compounds, 
only moderately soluble in alcohol, acetone, or chloroform, less soluble 
in ether, and insoluble in boiling toluene or light petroleum. 

Thallium diethyl 2 : 4-dinitrophenoxide forms brownish-orange, 
crystalline plates, M.pt. 174” C. The salt is easily soluble in hot pyridine, 
moderately soluble in alcohol, acetone, or ether, slightly soluble in 
chloroform or toluene, and insoluble in carbon tetrachloride or light 
petroleum. 

Thallium diethyl 2 :6-dinitrophenoxide forms deep orange 
plates, sintering at 182® C. and melting with decomposition at 190® C. 
The salt is completely soluble in cold alcohol, ether, or acetone, giving 
yellow solutions in pyridine, ethyl acetate, chloroform, or hot toluene, 
fairly soluble in carbon tetrachloride, and insoluble in light petroleum.’ 

Thallium diethyl 2:4; 6-trinitrophenoxide crystallises from 
water in golden-yellow, oblong ])lates, which darken at 2()()° C. and 
melt with decomposition at 204® C. The salt is very soluble in water or 
cold alcohol, ether, chloroform, or acetone, moderately soluble in boiling 
toluene, and insoluble in light petroleum. 

Thallium diethyl 4 : 6-dinitro-2-aminophenoxide gives small, 
carmine-red plates, which liave a metallic lustre and explode violently 
when moistened with fuming nitric acid. The salt darkens at 140® C., 
melts with decomposition at 159® C., and is moderately soluble in alcohol, 
acetone, or pyridine, slightly soluble in chloroform, ether, or toluene, 
and insoluble in carbon tetrachloride or light petroleum. 

Thallium diethyl hexanitrodiphenylamine crystallises in bril¬ 
liant carmine plates, having a violet reflex, M.pt. 224® C. It is soluble in 
cold alcohol, acetone, ether, pyridine or ethyl acetate, and insoluble in 
toluene, light petroleum, chloroform, or carbon tetrachloride. 

Thallium diethyl 4-nitrosophenoxide. —This salt is only isolated 
in the form of its acid salt, CioHi 402 NTl.CeH 402 N. From water it is 
deposited in blue-black needles having a violet reflex, these crystals being 
completely soluble in pyridine, slightly soluble in acetone or alcohol, 
giving a brown solution in the latter, and insoluble in other organic 
solvents. 

Thallium diethyl 3-nitro-o-tolyloxide crystallises in deep red 
plates having a green reflex, M.pt. 190® to 191 ® C., and is easily soluble in 
cold alcohol, ether, chloroform, pyridine, or boiling toluene, moderately 
soluble in water or hot carbon tetrachloride, and slightly soluble in light 
petroleum. 

Thallium diethyl 4-nitro-m-tolyloxide gives pale red plates, 
darkening at 220° C. and exploding violently at 228® C. The salt is 
moderately soluble in alcohol, ether, or pyridine, slightly soluble in 
toluene, chloroform, or carbon tetrachloride, and insoluble in light 
petroleum. 

Thallium diethyl 6-nitro-m-tolyloxide, obtained in small 
lemon-yellow plates, darkens at 210® C., and melts with decomposition 
at 216-5® C. It is easily soluble in cold pyridine, hot alcohol, or acetone, 
slightly soluble in ether or chloroform, and insoluble in carbon tetra¬ 
chloride, toluene, or light petroleum. 

Thallium diethyl 3-nitro*p-tolyloxide is deposited from aqueous 
solution in small, ruby-red, rhomboidal plates, having a green lustre. 
It softens at 200° C. and melts at 206® C., is easily soluble in hot 
1 Goddard, Trans. Chem. Soc., 1923, 123 , 1167. 
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pyridine, moderately soluble in chloroform or toluene, slightly soluble 
in alcohol, ether, acetone, or carbon tetrachloride, and insoluble in 
light petroleum. 

Thallium diethyl 5-nitro-o-tolyloxide. —This derivative is 
obtained in the form of its acid salt, CnH^jO^NTLC^IlYOaN, which 
softens at 165° C. and melts to a red liquid at 181-5° C. The salt 
crystallises in brownish-yellow plates, which are easily soluble in cold 
water, pyridine, warm alcohol, or acetone, moderately soluble in ether 
or chloroform, slightly soluble in toluene, and insoluble in carbon tetra¬ 
chloride or light petroleum. 

Thallium diethyl dinitro-o-tolyloxide crystallises in terra cotta 
plates, which blacken at 215° C. and explode with great violence at 
219° C. It is completely soluble in cold pyridine or hot alcohol, ethyl 
acetate or acetone (giving yellow solutions in the two latter), moder¬ 
ately soluble in toluene, ether, or chloroform, and insoluble in carbon 
tetrachloride or light petroleum. 

Thallium diethyl trinitro-m-tolyloxide forms brilliant, yellow 
needles, which sinter at 203° C. and decompose with gas evolution at 
214° C. This compound has a similar solubility to the above dinitro 
derivative. 

Thallium diethyl dinitro-jS-naphthoxide crystallises in dull, 
greenish-yellow, microscopic, flat-ended blades which decompose at 
208° C. The salt is completely soluble in pyridine or acetone, moder¬ 
ately soluble in alcohol, giving a reddish-yellow solution, slightly soluble 
in chloroform, ethyl acetate, or ether, becoming bright yellow in the 
latter, and insoluble in carbon tetrachloride, toluene, or light petroleum. 

Thallium diethyl trinitro-a-naphthoxide is deposited in orange 
plates from aqueous solution, these sintering at 213° C. and melting with 
decomposition at 220° C. It is completely soluble in cold pyridine or 
acetone and hot ctliyl acetate, moderately soluble in alcohol or ether, 
less so in chloroform or toluene, and insoluble in light petroleum or 
carbon tetrachloride. 

Thallium diethyl a-nitroso-jS-naphthoxide crystallises from 
alcoholic solution in deep green needles which melt with decomposition 
at 217° C. It is insoluble in light petroleum, and completely soluble in 
all other organic solvents, giving green solutions in alcohol or carbon 
tetrachloride, and brown solutions in other solvents. 

Thallium diethyl 2:4- dinitronaphthoxide - 7 - sulphonate is 
obtained in pale orange needles which darken at 217° C., but do not 
melt at 280° C. These crystals contain 2 mols. of water of crystal¬ 
lisation, and are completely soluble in cold acetone or warm pyridine, 
moderately soluble in alcohol, slightly in carbon tetrachloride, and in¬ 
soluble in other organic solvents, the colour deepening in toluene. 

Thallium dipropyl chloride is obtained by the action of magnesium 
n-propyl chloride on thallic chloride, the yield being 70 to 80 per cent, of 
the theory. The compound crystallises from dilute aqueous ammonia 
in glistening silver plates which decompose at 198° to 202° C. The 
bromide and iodide (M.pt. 183° to 185° C.) are isolated in the usual 
manner, and the hydrosulphide is more easily obtained than in the 
methyl and ethyl series. 

Thallium dipropyl hydroxide is prepared as for the corresponding 
ethyl compound, but is only obtained as an oil, which does not solidify, 
and has not been analysed. 

VOL. XI. : I. 
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Thallium di-isopropyl chloride decomposes at 150° C., and its 
nitrate is sparingly soluble in water. 

Thallium di-n-butyl fluoride ^ is obtained from the corresponding 
bromide by treatment with silver fluoride. It forms colourless needles, 
decomposing at 220° to 240° C. when rapidly heated. In alcohols or 
water it is readily soluble, sparingly in ether. When treated in aqueous 
solution with dilute hydrochloric acid, the chloride is obtained. This 
crystallises from j^yridine in thick plates, from n-}>ropyl alcohol in thin, 
colourless plates. It is sparingly soluble in water, and practically in¬ 
soluble in ether. When rapidly heated to 240° or 250° C. it explodes. 
The hrornide crystallises in plates from pyridine or alcohols, is sparingly 
soluble in water and explodes at 240° to 250° C. The iodide forms 
plates which explode on ra]nd heating, but when slowly heated decom¬ 
pose at 220° to 225° C., becoming first brown, then yellow. It is decom¬ 
posed by nitric acid with the separation of iodine. The sulphate is 
obtained from tlie carbonate, the latter being formed by the action of 
sodium carbonate on the fluoride. The sulpliate crystallises in plates 
or needles, M.pt. 150° to 158° C., when placed in a bath ])rcviously heated 
to 150° C. It explodes at 190° to 200° C. when rapidly heated. The 
nitrate forms thick ])lates from pyridine, and small needles from alcohols, 
which explode at 280° to 290° C. 

Thallium di-isobutyl chloride crystallises from hot alcohol, 
pyridine, or benzene, as well as cold ether, in long, glistening, colourless 
needles. The corresponding nitrate is a difficuitly soluble, crystalline 
precipitate. 

Thallium di-isoamyl chloride explodes at 253° to 257° G., and the 
fluoride melts at 216° to 218° C, with decomposition. They have similar 
properties to the n-butyl com])ounds. 

Thallium di-sec-butyl chloride explodes at about 150° C. and 
crystallises in colourless needles or plates, the form depending on the 
solvent used. The nitrate crystallises in plates. 


Aryl Compounds of the T'ype RoTlX. 

Thallium diphenyl chloride.^ —Sufficient dry ether is added to 5 
grams of triphenylbismuthine to effect solution, followed by 3-54 grams 
of thallic chloride in the same solvent. A white precipitate is 
immediately throw^n down, and this is extracted with acetone until 
free from diphenylchlorobismuthine. The product after boiling with 
glacial acetic acid is recrystallised several times from pyridine. It is 
thus obtained in colourless, microscopic needles, which do not melt 
at 300° C., and are slightly soluble in boiling glacial acetic acid, alcohol, 
ethyl acetate, or chloroform, and insoluble in ether, acetone, or light 
petroleum. 

The same product may also be isolated by the interaction of mercury 
diphenyl (1 mol.) and thallic chloride (1 mol.) in dry ether. In this 
case, any mercury phenyl chloride which may be formed is removed 
by extraction with benzene, then further purification is carried out as 
above. 

Thallium diphenyl bromide.® —10*3 grams of thallic chloride in 

* Krause and Grosse, Ber., 1925, 58 , [BJ, 1933. 

* Goddard, Trans. Ohem. Soc., 1922, 121 , 266. 

® Goddard and Goddard, Trans. Chem. Soc., 1922, 121 , 267. 



ORGANOMETALLIC DERIVATIVES OE METALS OP GROUP III. 243 


dry ether are slowly added to a solution of 23-8 grams of bromobeuzene 
and 3-2 grams of magnesium ribbon in the same solvent. The mixture 
is cooled in ice during the operation, and after the reaction has subsided 
the whole is heated on the water-bath for lialf an liour, cooled, and 
decomposed with water. After filtering, the dried residue is extracted 
with pyridine, when transparent, microscopic needles arc obtained which 
do not melt at 300° C. These are further purified as in the case of the 
chloride, and are insoluble in alcohol, chloroform, benzene, acetone, 
light petroleum, acetic acid, or ethyl acetate. 

The fluoride melts at 805° to 310° C. with decomposition ; it is easily 
soluble in hot water, insoluble in ether. 

Thallium di-o-tolyl chloride.- This compound is prepared by 
the action of thallic chloride on magnesium o-tolyl bromide, then boiling 
the j)roduct obtained witli dilute hydrochloric acid. It crystallises from 
pyridine in slender, microscopic needles, which do not melt at 300° C. 
and are insoluble in all organic solvents. 

Thallium di-p-tolyl chloride is isolated from the interaction of 
tri-p-tolylbismuthine and thallic chloride. It crystallises from jiyridine 
in small, transparent needles, which remain unmelted at 300° C. and are 
slightly soluble in alcohol or acetone, and insoluble in chloroform, light 
})etroleum, toluene, or alcoholic ammonia. 

Thallium di-p-tolyl bromide is prepared as in the case of the 
corresponding phenyl compound. It forms pale yellow needles, which 
do not melt at 300° C. and are insoluble in all organic solvents with the 
exception of pyridine. 

Thallium di -a -naphthyl chloride is a white, crystalline powder, 
unmeltcd at 300° C. and obtained from tri-a-naphthylbismuthine and 
thallic chloride. It is fairly soluble in hot pyridine, slightly soluble in 
glacial acetic acid, ethyl acetate, chloroform, or alcohol, and insoluble 
in ether, acetone, benzene, or carbon tetrachloride. 

Thallium di-a-naphthyl bromide, prepared from magnesium 
a-naphthyl bromide and thallic chloride, is a fawn, crystalline powder, 
melting at 272° C. and is completely soluble in cold pyridine, insoluble 
in toluene. 

Thallium di-cyclohexyl chloride ^ crystallises in long, colourless 
needles, exploding at 210° to 230° C., is soluble in warm alcohol or 
benzene, insoluble in hot water or warm ether. 

Thallium diphenyl oxide.^ —The chloride (4-5 grams) and 20 
grams of potassium hydroxide, in a mixture of 30 c.c. of absolute alcohol 
and 20 c.c. of water, are heated under reflux for eight hours. The whole 
is then poured into water, the white flocculent mass thus obtained 
being washed free from potassium hydroxide. The oxide is a white, 
crystalline powder, unmelted at 300° C., and is completely soluble 
in pyridine, slightly soluble in alcohol, chloroform, or water, and in¬ 
soluble in acetone, xylene, carbon tetrachloride, light petroleum, or 
ethyl acetate. 

Thallium diphenyl nitrite® is obtained by boiling together 
thallium diphenyl bromide and silver nitrite in xylene solution for two 
and a half hours. The nitrite is deposited from pyridine in short, trans¬ 
parent needles, completely soluble in hot j)yridine, slightly soluble in 

' Krause and Grosse, loc, cU, 

* Goddard and Goddard, Trans. Chem. Soc., 1922, I2i, 488. 

^ Goddard and Goddard, ibid,, 487. 
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chloroform or alcohol, very slightly soluble in acetone, and insoluble in 
other organic solvents. 

Thallium diphenyl nitrate has a similar crystalline form to the 
nitrite, is completely soluble in hot pyridine, very slightly soluble in 
boiling glacial acetic acid, water, or alcohol, and insoluble in other 
organic solvents. 

Thallium diphenyl chromate crystallises from xylene in pale 
yellow, short needles which are completely soluble in pyridine and 
boiling glacial acetic acid, slightly soluble in acetone, and insoluble in 
water and other organic solvents. 

Thallium diphenyl pyrophosphate crystallises from pyridine- 
ether solution in short, microscopic needles which arc completely 
soluble in pyridine, moderately soluble in boiling glacial acetic acid, 
less soluble in alcohol, ethyl acetate, or chloroform, and insoluble in 
acetone, ether, carbon tetrachloride, or light petroleum. 

Thallium diphenyl acetate is obtained by treating the oxide with 
boiling glacial acetic acid, the evaporated solution depositing fine, trans¬ 
parent needles, M.pt. 262° C. The salt is completely soluble in hot 
pyridine, chloroform, toluene, ethyl acetate, or alcohol, moderately 
soluble in carbon tetrachloride or water, slightly soluble in ether or 
acetone, and insoluble in light petroleum. 

Thallium diphenyl acid propionate ^ forms fine silky needles from 
toluene, M.pt. 164° C., these being completely soluble in cold chloroform, 
hot alcohol, pyridine, ethyl acetate, or glacial acetic acid, fairly sol aide 
in boiling water, and insoluble in ether or light [letroleurn. 

Thallium diphenyl acid valerate.- M.jit. 176° C., forms fine white 
needles from toluene, having a similar solubility to the propionate. 

Thallium diphenyl acid butyrate forms waxy needles, M.pt. 
170° C., when dissolved in acetone the addition of light petroleum 
precipitates the normal butyrate^ M.pt. 230° C. 

Thallium diphenyl acid n-hexoate forms feathery rosettes of 
needles from toluene, M.pt. 191° C.; the normal salt obtained similarly 
to the butyrate melts at 208° C. 

Thallium diphenyl n-octoate is deposited from toluene in waxy 
needles, M.pt. 195° C., and is less soluble than the acetate. 

Thallium diphenyl p-nitrobenzoate forms faint yellow, blunt- 
ended needles, M.pt. 228° C., which are completely soluble in cold pyri¬ 
dine, hot acetone, toluene, or ethyl acetate, slightly soluble in alcohol or 
ether, and insoluble in light petroleum, chloroform, or carbon tetra¬ 
chloride. 

Thallium diphenyl o-bromobenzoate forms cream, glistening 
plates, M.pt. 248° C., to a clear liquid. The compound is fairly soluble in 
chloroform, insoluble in ether or light petroleum, and completely soluble 
in other organic solvents. 

Thallium diphenyl m-bromobenzoate crystallises from toluene 
in glistening plates, M.pt. 247° C., the solubility of this salt being slightly 
less than the ortho compound. 

Thallium diphenyl o-nitrophenoxide.—This is obtained by the 
interaction of thallium diphenyl oxide and o-nitrophenol, and is a bright 
orange, crystalline powder which turns scarlet on heating, reverting to 
its original colour on cooling. It melts to a blood-red liquid at 247° C., 
and is completely soluble in cold pyridine, fairly soluble in acetone or 
» Goddard, Trans, Chem, Soc,, 1923, 123 , 1164* 
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alcohol, giving yellow solutions, slightly soluble in toluene (becoming 
scarlet), ether, or hot water, insoluble in light petroleum, carbon tetra¬ 
chloride, or ethyl acetate, being decolorised in the latter. 

Thallium diphenyl p-nitrophenoxide. — AVhen thallium di- 
phcnylchloride, silver oxide, and p-nitrophcnol are boiled in xylene for 
three hours, and the product extracted with water, lemon-yellow 
needles of the above compound are obtained. It melts with decom¬ 
position at 250® C., and only differs slightly from the ortho compound in 
solubility. 

Thallium diphenyl trinitro-m-tolyloxide forms yellow needles 
from water, melting with decomposition at 231® C. It is completely 
soluble in cold pyridine or acetone, and warm alcohol, ether, or ethyl 
acetate, fairly soluble in chloroform, slightly solul)le in water, carbon 
tetrachloride, light petroleum, or toluene, becoming orange in the latter. 

Thallium diphenyl a-nitroso-^-naphthoxide crystallises from 
ether in microscopic, green needles, melting wnth decomposition at 238" C. 
The salt gives green solutions in alcohol, acetone, i)yridine, toluene, or 
carbon tetrachloride, and is brown in other solvents, but differs from the 
corresponding ethyl compound in its insolubility in watcT. 

Thallium diphenyl trinitro-a-naphthoxide. —This salt crystal¬ 
lises in brilliant orange needles, which melt to a blood-red liquid at 
232® C. With the exception of its complete solubility in hot alcohol, 
it resembles the corresponding ethyl derivative. 



CHAPTER XII. 


ORGANOMETALLIG DERIVATIVES OF THE METALS 
OF GROUP IV. 


A CONSIDERABLE amouiit of work has been done during the past twenty 
years on the organic compounds of silicon, tin, and lead, and although 
the majority of the germanium derivatives are of recent date, this is 
probably due to the rarity and expense of this metal. 

Silicon, being a non-metal, forms many types of compounds which 
could not be expected from the other three elements. Like carbon, it is 
capable of forming both chain and ring compounds, but with this 
essential difference, that whereas the carbon compounds (consist of 
carbon to carbon linkages, the silicon usually links itself alternately with 
oxygen. Examples of such arrangements of atoms are shown as lollows, 
together with any relationships which may exist with similar inorganic 
compounds:— 

Orthodisilicic Acid Type, H^SigO^. 

HO—Si-O-Si—OH HO—Si-O-Si—OH 

/\ /\ /\ /\ 

OH OH OH OH Ph Ph Ph Ph 


Orthotrinilicic Acid Type, HgSi^Ojo. 
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Orthotetrasilicic Acid Type, HxgSi^Ojg. 
HO—Si-O-Si-O- 


-Si—OH 

/\ 

OH OH 


O- 


-Si—OH 

/\ 

Ph Ph 


(Free acid unknown.) 
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Germanium comjjounds corrcsjionding to this tctrasilicic acid type 
arc also known. Chain compounds which have corresponding cyclic 
anhydrides, formed by condensation and elimination of water, are given 
below; 


Phv Ph 
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nO.SiPhj.O.SiPhss.OlI 
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Caven * has also pointed out that the oxychloride, Si^OjClg, may 
have a cyclic constitution, which has an orjranic analogue, 


O 


-SiCl,—0-SiCl 
■SiUlg- -O- -SiCl 



/SiPhj- O- SiPh 
\SiPh,- -O - SiPh 



Silicon also resembles carbon in rorinin^ ketones of the type R.SiO.R, 
but tlie likeness between the two classes ends with the formula'. Tlie 
following comparison has been drawn between the hydrocarbons and 
the silicon hydrocarbons :—^ 


Hydrocarbon. 

McgCl.CMca 

McgC.Ph 

McjC.EtPh 

EtgC.Ph 


IViiliiig-point. 
(7(i0 jnm.). 
100 0“ 

1C8 ‘2'’ C. 
189 0'’ 
2210 '’ ('. 


Silicon Hydrocarbon. 

McgSi.SiMeg 

Me^Si.Ph 

MegSi.KtPh 

Kt^Si.Ph 


Boiling-point. 
(760 mm.). 
113 0*" C. 
171-6'=* C. 
198-0° C. 
238-3° C. 


The gradation in melting-points and boiling-points in passing from 
silicon to lead, for some derivatives of the elements of Group IV., is 
shown in Tabic V. of the Appendix. 

Tin and lead differ from silicon in forming divalent and tcrvalent 
com])ounds, and tin also forms hydrides of the type SnRgH and SnRgHg. 
The tervalcnt com])ounds show true tervalency in dilute solution only, 
for if the molecular weights by the freezing-point methods are carried 
out with increasing concentration of solute, association appears to take 
place. 

The only ring compounds formed by tin and lead are of the type 


RgM 


4:h2~ch 

Cllg-CH 



2 


and those derivatives containing two atoms of the same metal are shown 
by 

U 3 M.MR 3 ; R 3 M(CH 3 ) 5 MR 3 ; R 3 Sn(CIl 3 )ioSnR 3 


Cases are also known in this group in which two different metals are 
present in the same compound : 


Me3Sn(CH2)6PbMe3 ; Et^Si.CeH^.PbMca; EtaSi.CeHi.SnEtg; 
EtaSi.CeH^.AsPhg 


^ Oaven, this series, Vol. v. (1917), p. 203. 
* Bygd4n, Ber., 1912, 45, 707. 
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Silicon. 


Most of the work carried out on this element is due to Kipping and his 
co-workers, and the investigations are a model of patience and persever¬ 
ance. Although many of the substances formed appear as glue-like 
products, an enormous mass of information regarding the organic 
compounds of this element has been collected together. The following 
system of nomenclature for organic silicon derivatives is due to 
Kipping;—^ 

The term silicajie, used for silicon hydride, is maintained for 
analogous derivatives of CH^. The radicle Sill^ is termed silicyl, and 
corresponds to CH 3 , e,g. SiPhgCl, triphenylsilicyl chloride. Silicanol 
and silicanediol are used for hydroxy derivatives : 


SiHg.OIl SiPhaOH SiIT 2 (OH) 5 j SiPh 2 (OH )2 

Silicanol. Triphonylsili(;anol. Silicanediol. Biphcnylsilicanediol. 


The term silicone denotes analogues of ketones, e,g. SiEt 20 , diethyl- 
silieone. Owing to the dissimilarity between the ethers and the corre- 

Si 

spending silicon compounds containing 

Si 

employed, thus : 

SiPh3V 

SiPhg/ 

is knowm as triphenylsilicyloxidc. 

The following names show how many molecules of silicanediol have 
condensed together, and how many molecules of w ater arc eliminated in 
the process:— 


^O, the term oxide is 


SiPhgOH SiPhaOH 

O O 


SiPhgOH 

Anhydrobisdipheaylsilicanediul. 


SiPhj 

O 


SiPhjjOH 

Dianhydrotiisdiphenylsilicanediol. 

In order to show how it is possible to pass from one type of aliphatic 
compound to another, the scheme shown on opposite page has been 
drawn up, using the ethyl derivatives as examples. 

Alkyl Derivatives of the Type R 4 Si. 

Tetramethylsilicane, Si(€ 113 ) 4 ,—^This compound is obtained by 
heating together zinc dimethyl and silicon tetrachloride in a sealed 
1 Kipping, Trans, Chem, 80 c., 1912, lox, 2106. 
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tube at 200 ° C.^ It boils at 30° to 31° C. and is a clear liquid, lighter 
than water. When treated with excess of methyl alcohol at 250° C. for 
fifteen hours, the viethyl ether is obtained as a colourless liquid, B.pt. 
121 ° to 126° C. ; density 1 0589. In 1911 Bygden ^ prepared tctra- 
methylsilicanc, using silicon tetrachloride and magnesium methyl 
bromide, and found its boiling-point to be 26° to 27° C. 

Tetraethylsilicane ^ may be prepared by heating silicon tetra¬ 
chloride and zinc diethyl at 160° for three hours ; ^ or by the interaction 
of silicon triethyl ethyl ether, zinc ethyl, and sodium, these yielding the 
hydride Sill.((' 2115 ) 3 . This with bromine forms triethyl silicon bromide, 
and further aetion of zinc ethyl and sodium at 150° C. j)roduce tetraethyl¬ 
silicane. It may also be prepared by the Wurtz reaction,® using silicon 
tetrachloride, sodium, and ethyl bromide. Tetraethylsilicane is a 
liquid, lighter than water, and it bums with a luminous llanic, leaving a 
deposit of silica. Its boiling-point is variously given as 152° to 154° C.,® 
and 151° to 153" C.’ With chlorine it gives triethylchlorethylsilieane, 
(C 2 ll 5 ) 3 Si.C 2 H,Cl, 

Tetrapropylsilicane ® is obtained along with tripropylsilicanc by 
the action of zinc propyl on silicochloroform (trichlorosilicane) at 
120 ° to 150° C. The lower fraction is tripropylsilicanc and the 
higlier one tetrapropylsilicane. The reaction is probably represented 
thus : 

The silicanc may also be j)roduced by the interaction ol’ silicon tetra¬ 
chloride, propyl iodide, and zinc at 180° C. : 

SiCU + 4 C 3 H 7 I +4Zn -Si (C 3 H 7 )4 -f 2 ZnCI 2 + 2 ZnI. 

Tetrapropylsilicane is a colourless, almost odourless oil, which burns 
with a sooty flame, depositing silica; it is soluble in alcohol or ether, and 
insoluble in water or concentrated sulphuric acid. It boils at 213° C.; 
density 0-7979 at 0° C., 0-7883 at 15° C. It is not attacked by con¬ 
centrated sulphuric or nitric acids or by potassium hydroxide, but 
bromine on warming readily substitutes. The compound caii be purified 
by the use of concentrated sulphuric acid, as was done in the case of 
tetraethylsilicane.^ Removal of tripropylsilicanc and oxide is thus 
effected. 

Tetra-isoamylsilicane is obtained from silicon tetrachloride, 
sodium, and isoamyl chloride. An oily residue remains after distilling 
off the tetra-isoamylsilicane. It is colourless, feebly fluorescent, boiling 
between 360° and 370° C., and is found to be silicon tri-isoamyloxide. 
Tetra-isoamylsilicane is a colourless, odourless liquid, B.pt. 275° to 
279° C., and miscible with alcohol and ether in all proportions. 

^ Friedel and Crafts, AnnaleUt 1865, 136 , 203. 

* Bygden, Ber., 191 i, 44 , 2640. 

Friedel and Crafts, Anncden, 1863, 127 , 28. 

* Ladenburg, Annakiiy 1872, 164 , 300. 

* Kipping and Lloyd, Trans. Chem. Soc., 1907, 79 , 209. 

® Friedel and Crafts, loc. cit. 

^ Ladenburg, loc. cit. 

® Pape, Annalen, 1884, 222 , 354. 

» Friedel and Crafts, Ann. Ohim, Phys., 1896, [4], 19. 

10 Taurke, Ber., 1905, 38 ,1661. 
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Alkyl Derivatives of the Type RgSiR'. 

Triethylsilicane, (€2115)38111.^ —This is formed by the interaction 
of zinc ethyl, sodium, and silicoheptyl ethyl ether. It is a colourless 
liquid, boilin^r at 107° C., and of density 0-751() at 0° C. It is soluble 
in both alcohol and ether, but insoluble in water and in concentrated 
sulphuric acid. With fuming sulphuric acid it reacts accordin<^ to the 
equation ; 

2SiEt3ll+2803-(Et3Si)20+ll20+2S02 

With bromine it forms tricthyl silicon bromide. 

Tripropylsilicane ^ is produced by hcatin^^ one ])art of silieocliloro- 
form (trichlorosilicane) and two })arts of zinc propyl in a sealed tube at 
150° C. for six hours: 

2SiIICl3+8ZnPr2-2SiIIPr3+3ZnCl2 

The ])roduct obtained is «a colourless oil. This is washed with water, 
then dried over calcium chloridr* and fractionated. Tripro])ylsilicane 
distils between 170° and 175° C. ; the residue is tetrapropylsilicane. 
Tripro])ylsilicane is a colourless, pungent, fuming li(pud, and burns with 
a luminous, sooty flame. It boils at 170° to 171° C., density 0-7723 at 
4° C., 0-7(521 at 15° €., and is diflicult to free from the tetrapropyl body. 
To prevent dccom})osition it should be distilled in a stream of hydrogen. 
The compound is easily soluble in alcohol or ether, but insoluble in water 
or concentrated sulphuric acid. With the latter, however, feeble oxida¬ 
tion occurs in the cold, with evolution of sulphur dioxide, and on warm¬ 
ing tripropylsilicon oxide is formed. 

Tri-isobutylsilicane may be prepared ^ by interaction of trichloro¬ 
silicane, isobutyl chloride, and sodium. It is a colourless, odourless 
liquid, B.pt. 204° to 20(5° C. 

Tri-isoamylsilicane has been pre])arcd in the same way as the 
above, using isoarnyl chloride. It is a feebly fuming liquid, B.pt. 245° C., 
soluble in alcohol or ether, and unattacked by water or potassium 
hydroxide. 

Trimethylethylsilicane ^ is obtained by the action of methyl 
magnesium bromide on trichloroethysilicane. The product is extracted 
with ether, washed with concentrated sulj)huric acid, and on distillation 
boils between 62° and 70° C., the main portion distilling at 62-5° to 
63-5° C. 

Tri methyl-n-propylsilicane is prepared similarly to the above, 
using propyltrichlorosilicanc. 

Trimethyl-n-butylsilicane. —^It is first necessary to obtain 
n-butyltrichlorosilicane by the action of n-butyl magnesium bromide 
on silicon tetrachloride. The product, boiling at 147° to 151° C., is a 
liquid, fuming in moist air, and when treated with methyl magnesium 
bromide, trimethyl-n-biitylsilicane is formed, B.pt. 115° C. 

Trimethyl-isobutylsilicane is difficult to obtain, because the 
isobutyltrichlorosilicane is troublesome to prepare. The methyl 
Grignard reagent gives trimethyl-isobutylsilicane, B.pt. 107-9° to 
108-2° C. 


^ Ladonburg, Anrialen, 1872, 164 , 300 
» Taurko, Rcr., 1905, 38 , 1661. 


* Pap(% Annahn, 1884, 222 , 354. 

* Bygd 6 n, Bcr,, 1911, 44 , 2640. 
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Trimethyl-isoamylsilicane is prepared as the above two com¬ 
pounds, the starting-point being isoamyltrichlorosilicane.^ The body 
boils at 131° to 132° C. 

Triethylchloroethylsilicane, (C 2 H 5 ) 3 SiC 2 H 4 Cl, may be obtained 
by 2 passing chlorine into tetracthylsilicanc in water; hydrogen chloride 
is evolved, and a yellow oil separates. Two fractionations yield a 
liquid, 13.pt. 185° C., in small quantity, which is tri ethyl ch loro ethyl- 
silieane. 

Triethylacetoxyethylsilicane, (C2H6)3SiC2H4.0.C0.CH3. — The 
fraction, B.pt. 180° to 190° C., of the above tricthylchloroethylsilicaue 
when heated in a sealed tube witli })otassium aeetate and alcohol for 
several hours at 180° C. yields a liquid, B.pt. 208° to 214° C. It has a 
faint ethereal and acetic acid odour, burns with a luminous flame, and is 
found to be the acetate. 

Triethylhydroxyethylsilicane is produced from the above when it is 
treated with dilute alcoholic j)otassium hydroxide at 120° to 130° C., and 
has been proved to be a liquid of the composition (C 2 H 5 )jjSiC 2 ll 40 Il. 
It boils at about 190° C. and is insoluble in water. 

Triethyl-n-propylsilicane^ is prepared in a similar manner to the 
eorresj^onding trimethylsilicanes, using n-propyltriehlorosilieane ^ and 
ethyl magnesium bromide. The compound boils between 172-8° and 
173*2° C. It is partly soluble in concentrated sulphuric acid, giving a 
product, B.pt. 160° to 225° C., and is therefore not homogeneous. 

Triethyl-n-butylsilicane is prepared ^ in the same manner as tlie 
above compound. It boils at 190*6° to 191*6° C. 

Triethyl-isobutylsilicane, prej^ared as above, boils at 187° to 
187*2° C., and triethyl-isoamylsilicane boils at 204*6° to 205*6° C. 

Alkyl Derivatives of the Type R 2 SiR 2 '. 

Dimethyldiethylsilicane ® is obtained from diethyl silicon chloride 
(24*5 grams), using 2 mols. of methyl magnesium iodide. The chief 
fraction, B.pt. 95° to 96° C., weighs 6 grams. 

Dimethyldipropylsilicane is prepared in the same manner as the 
above. It boils at 140° to 142° C. 

Alkyl Derivatives of the Type RgSiR'R". 

Dimethylethyl-n-propyl-silicane, —It is first necessary to obtain 
ethyl-n-propylsilicon chloride, whicli may be formed by one of two 
methods. (1) From cthyltrichlorosilicane by replacing one chlorine 
with the i)ropyl group. (2) From propyltrichlorosilicane by removing 
one chlorine and putting in an ethyl group. The latter method is 
utilised and the ethyl introduced by ethyl magnesium bromide, when 
live fractions are isolated. The one, B.pt, 152° to 154° C., gives the 
best analysis. This fuming liquid, Et.Pr.SiCla, with methyl mag¬ 
nesium bromide gives the desired compound, B.pt. 120° to 122° €► 

Dimethylethyl-isobutylsilicane is prepared in a similar manner to 

^ Melser, J5er., 1908, 41 , 3392. 

* Friedel and Crafts, Annahn^ 1806, 138 , 19. 

^ Bygden, Ber., 1912, 45 , 707. 

* Melser, Ber., 1908, 41 , 3390. 

* Bygden, loc. cit. 

^ « Bygd 6 n, Ber., 1911, 44 , 2640. 
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the above, using isobutyltrichlorosilicane and ethyl magnesium bromide. 
The ethyl-isobutyl silicon chloride thus formed, with methyl magnesium 
bromide gives a product, B.pt. 187° to 139° C. 

Alkyl Derivatives of the Type RaSiX. 

Trjethylchlorosilicane, (C 2 ll 5 ) 3 SiCl, is obtained ^ by the inter¬ 
action of silicon triethyl ethyl ether and acetyl chloride, thus : 

(C2H5)3SiOC2H5+CH3COCl-(C,H5)3SiCl+CH3CO.^^ 

This reaction requires a sealed tube and a tcm])eraturc of 180° C. 
Triethylehlorosilicane boils at 143° to 145° C,, has density at 0° C. 
0*9240, is only slowly decomposed by water, and with silver nitrate pre¬ 
cipitates silver chloride. Triethyl silicol is formed by the action of 
ammonia, and triethyl silicon oxide is produced with water. 

Triethylbromosilicane is formed by the action of bromine on 
triethylsilicane. It boils at 1G1° C., is slowly decomposed by water, 
and the bromine is easily replaced by hydroxyl by aqueous potassium 
hydroxide or sodium carbonate. By treatment with zinc ethyl and 
sodium at 150° C. tetraethylsilicane is produced. 

Triethyl silicon acetate is formed when acetic anhydride is allow'ed 
to react with silicon triethyl ethyl ether in a sealed tube at 250° C.: 

(C2ii5)3Sioc2H5+(CH3CO)20-(C2n5)3Sio.co.cir3+cii3.co.oc2n5 

Tripropylbromosilicane .2 — When 1 mol. of tripropylsilieanc 
is treated with 1 mol. of bromine and cooled, hydrobromic acid is 
evolved. The reaction is allowed to finish on the water-bath and goes 
smoothly, giving a good yield. On fractionation the product obtained 
is a yellow, fuming oil, B.pt. 213° C., which decomposes slowly in the air, 
evolving hydrobromic acid. With water it slowly changes, while 
aqueous ammonia completely converts it to tripropyl silicol, B.pt. 
205° to 208° C., and a little tripropylsilicon oxide. 

Tripropyl silicon acetate is obtained from the bromide by the 
action of dry silver acetate, cooling being necessary from time to time : 

Pr.SiBr+AgCaHaOa-l^Si.CoHaOa+AgBr 

The body is a colourless oil, B.pt. 212° to 210° C., slowly changing in 
air to tripropylsilicol and acetic acid. 

Tri-isobutylbromosilicane* is prepared by the bromination of 
tri-isobutylsilicane. It is a yellow, fuming liquid, heavier than water, 
B.pt. 245° C. 

Tri-isoamylbromosilicane, obtained in the above manner, boils 
at 278° to 280° C., and has similar properties to the preceding body. 

Alkyl Derivatives of the Type RgSiXg. 

Diethyl silicon dichloride was prepared by Ladenburg ^ by treating 
silicon diethyl ether with benzoyl chloride at 250° C. The body is iden¬ 
tical with that obtained by the action of hydrogen iodide on silicon 

^ Ladenburg, Annahnt 1872, 164 , 300. 

* Pape, Annalen, 1884, 222 , 354. 

« Taurke, 7?er., 1906, 38 , 1661. 

^ Ladenburg, loc, cit. 
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diethyl ether, or by using ethyl magnesium bromide and silicon tetra¬ 
chloride.^ The se])aration of the compound is, however, ditlicult, owing 
to formation of tlie three chloro-derivatives, whose boiling-j)oints lie 
very close togetlier. Diethyl silicon chloride is a colourless liquid, 
fuming in air and boiling at 128° to 130° C. With water it yields diethyl 
silicone^ ((^ 2 ^ 15 ) 2 ^*^^^^’ which is a syrupy body, easily soluble in ether, 
but dillieultly soluble in alcohol. This silicone j)olynierises, giving a 
compound of liigh molecular weight. 

Dibromoethyl silicon dichloride, (ClI.2Hr.CIl2)2SiC'l2^ is produced 
by heating together a mixture of two molecular proportions of ethylene 
bromide with 1 mol. of silicon tetrachloride dissolved in ether, and 
four molecular pro})ortions of sodium and a little ethyl acetate. The 
produ(*t is a dark ])rown oil.^ Doubt has recently ])een expressed as to 
the existence of this eonq^ound.^ 


Alkyl Derivatixws of the Ty^ye llSiXjj. 

Ethyl silicon trichloride, CgH^SiCbj, is prepared from silicon 
ethyl triethyl ester and benzoyl chloride by heating them in a sealed 
tube at 300° C.^ 

SiEt(OEt)., j 3PhCOCl-EtSiCl., -+ 3FhCOOEt. 

The liquid, 13.pt. about 100° C., fumes considerably in moist air, 
and with water gives sili(*opropionic acid and hydrogen chloride. The 
trichloride has also been ol)tained from silicon tetrachloride, using the 
ethyl Grignard reagent.^' It is a pale yellow, fuming liquid, 13.pt. 97° 
to 103° C. 

Propyl silicon trichloride® is formed by the action of propyl 
magnesium bromide on silicon tetrachloride, and is a clear, colourless 
liquid, 13.pt, 123° to 125° C. In preparing the chloride all traces of 
moisture must be absent. It has a penetrating odour and fumes in 
the air. 13y allowing the liquid to drop into ice-water, the acid, PrSiO. 
OH, is obtained, and with anhydrous alcohol the trichloride gives 
silicon propyl triethyl ester, PrSi(OEt).,. 

Isoamyl silicon trichloride is produced in a similar manner to the 
above, and is a colourless, transparent, fuming liquid with a penetrating 
odour. It boils at 46° C. at 9 mm., and has a density of l‘()66. Its 
reactions are the same as the propyl compound. 


Alkyl Derivative of the Types R;3Si(OIl) and R3Si(OR). 

Triethylsilicol, (C 2 H 5 ) 3 Si.OH, is isolated^ by treating triethyl 
silicon acetate with sodium carbonate solution; 

2 (C 2 H 5 ) 3 Si 0 .C 0 .CH 3 +NaoC 03 +H 20 = 2 (C 2 H 5 ) 3 Si. 0 H+ 2 Na 0 .C 0 .CH 3 

+CO2 


^ Martin and Kipping, Trans. Chem>. Soc.^ 1909, 95 , 302. 
2 Hart, Jahresher.y 1889, p. 1943. 

^ VViddowson, J. Chein. Soc., 1926, p. 958. 

* Ladenburg, Annakn, 1872, 164 , 300. 

® Kipping, Trans. Chem. Soc., 1907, 91 , 209. 

® Melzer, Her., 1908, 41 , 3,390. 

’ Ladenburg, loc. cit. 
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It may also be prepared by the action of aqueous ammonia on 
triethyl silicon chloride: 


Another method of preparation consists in heating silicon triethyl 
ethyl ether with concentrated sulphuric acid and precipitating the pro¬ 
duct with water. The silicol is a colourless licpiid with a strong camphor¬ 
like odour, 13.])t. 184“^ C., density 0*8709 at 0 ° G., insoluble in water, but 
miscible with ether or alcohol. It burns with a dazzling flame, leaving 
a de]30sit of silica. If heated with sodium, hydrogen is evolved, 
and when carbon dioxide is passed into the etiiereal solution and the 
solvent then eva])orated, the sodium salt of triethyl silicon carboxylic 
acid, (Cgll 5 ); 3 SiCOONa, is left. The following represent further reactions 
of triethyl silicol:— 

(C2H5)3SiOH+S03-C2H5SiO.OH+2C2H4+H2 l-SO. 

(Nordhausen sulphuric 
acid.) 

(C2HB)3Si.OII iri.B.pt.V 27 °C . ((’2115)2810+C2H6 
At 200" C. 

2 ( 02115 ) 3 . 81.011 __^[(€ 2115 ) 3 . 8 !] 2 O+H 2 O 

Silicon triethyl ethyl ether or Silicoheptyl ethyl ether, (€ 2115)3 
Si(OC 2 ll 5 ), is obtained ^ by the interaction of zinc ethyl, sodium, and 
silicon diethyl diethyl ether, (€ 2115 ) 2 ^^ 1 ( 0 .€ 2115 ) 2 . It is a colourless 
liquid, B.pt. density ()*8414, 0*8393, 0*8403 at 0 ° €., insoluble in 

water, miscible with alcohol or ether, and stable in air. Acetyl cliloridc 
acting on the compound gives rise to triethyl silicon chloride. 

Tripropylsilicol, (CH 3 €H 2 CH 2 ) 3 SiOn ,2 may be prepared in two 
ways: 

1 . From tri})ropyl silicon acetate by long boiling wdtli 30 per cent, 
sodium carbonate only gives a small yield, a contrast to the formation 
of triethylsilieol. The ])oor yield is probably owing to the following 
reaction taking place : 

2Si(€3H7)30.€0.€H3+Na2€03-Si20(€3H7)6+2Na0.€0.€H3+€()2 

2 , When tripropyl silicon bromide is treated with aqueous ammonia 
the following two reactions occur simultaneously, so that the yield is 
little better:— 

(€3117 ) 3 SiBr+NH 3 + 112 O -Si(€ 3 H 7 ) 30 H +NH 4 Br 
2 (€ 3 H 7 ) 3 SiBr+ 2 Nll 3 +H 20 -Si 20 <€ 3 H 7 )o+ 2 NIl 4 Br 

Tripropyl silicol is a colourless, fuming oil, and is glycerine-likc in 
consistency. It is lighter than water and insoluble in it. It dissolves 
in alcohol or ether and has a boiling-point of 206® to 208® €. When 
warmed with sodium, hydrogen is easily evolved and an amorphous 
mass remains, which is no doubt the ahoholate^ since on warming with 
water the silicol is regenerated together with sodium hydroxide. 

^ Ladenburg, loc, cit. 

^ Pape, Annakn, 1884, 222 , 354. 
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Tri-isoamylsilicol, (C 5 lIii) 3 SiOH,^ is formed by the action of 
aqneous ammonia on tri-isoamyl silicon bromide: 

(C5nii)3^^iBr+NHpH-(C5Hii)3SiOn+Nn4Br 

It boils at 269® to 270® C., has a penetrating smell, and is lighter than 
water. Metallic sodium dissolves in it with hydrogen evolution, ])rob- 
ably forming the sodium derivative (C 5 Hii) 3 SiONa. 


Alkyl Derivatives of the Types R 2 Si(OR )2 and R 2 Si(OR).Hal. 

Silicon diethyl diethyl ether, (C2H6)2Si(t^^2^^5)2> obtained by 
allowing silicon tetraethyl ester, Si(OC 2 H 5 )i» interact with sodium and 
zinc ethyl .2 The ether produced is a colourless, fuming liquid, B.]:)t. 
165-8° C.; density at 0 ® C. 0-8752. It is stable in air, insoluble in water, 
soluble in ether or alcohol, and unattaeked by ammonia. 

Diethylchlorosilicon ethyl ether, (C2H5)2Si(OC2ll5)CI, is pre¬ 
pared from the above by the action of acetyl chloride. It boils at 140® 
to 148® C. and burns with a green flame, leaving a residue of silica. 


Alkyl Derivatives of the Type RSi.(OR) 3 . 

Methyl triethoxy silicon or Orthosilicoacetic acid triethyl ester, 

011381 ( 002115 ) 3 ,^ is formed by the interaction of tetraethoxysilicon, 
81 ( 002115 ) 4 , 15 grams, and 10 grams of zinc methyl at 120® Cl, then 
300® C. The tubes are opened occasionally to allow escape of gases. 
It is a liquid, B.pt. 146® to 151® 0., density at 0 ® Cl 0-9283, and is 
insoluble in water. With ammonia or heating with hydrogen iodide, 
methyl inonosilicic acid, OHaSiO.OH, is formed. 

Ethyl trimethoxy silicon, OgH 581 ( 00113 ) 3 , is prepared from tetra- 
methoxysilicon, zinc ethyl, and sodium. It is a liquid, B.pt. 125® to 
126® 0., density at 0 ® 0. 0-9747. 

Ethyl triethoxy silicon, 02 H 5 Si( 002 H is isolated in the above 
manner from tetraethoxysilicon.^ Another method of preparation is 
from triethoxy silicon chloride, using sodium and zinc ethyl. The 
reaction mixture gives a colourless liquid with a camphor-like odour, 
B.pt. 158-5® C., density at 0 ®C, 0-9207; it is insoluble in water, but 
miscible with alcohol and ether. It is not completely decomposed by 
alcoholic potassium hydroxide or ammonium hydroxide, but is broken 
up by concentrated sulphuric acid.® 

Propyl triethoxy silicon or Ethyl orthosilico-butyrate, €31178! 
( 002115 ) 3 ,® is formed from propylsilicon trichloride by the use of 
absolute alcohol, and is a colourless liquid with an aromatic odour, 
B.pt. 177® to 179® C,, density at 0 ® C. 0-8945. 

Isoamyl triethoxy silicon is produced in the same manner as the 
above compound from isoamylsilicon trichloride. The liquid is pleasant 
smelling and boils at 195® to 200 ® C., density at 0 ® C. 0-9318. 

^ Taurke, Ber„ 1906, 38 , 1661. 

* Ladenburg, Annakn, 1872, 164 , 300. 

* Ladenburg, An-rnUn, 1874, 173 , 148; Rer., 1873, 6 , 1029. 

* Ladenburg, Awna/en, 1872, 164 , 300. 

® Friedel and Ladenburg, AnnaUn, 1871, 159 , 269. 

* Melzer, Rer., 1908, 41 , 3391. 
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Alkyl Derivative of the Type Si{OR) 3 Hal. 

Ghlorotriethoxysilicon, SiC^OCgirs)^.!—This is j^repared acjcord- 
in^jf to the followirif^ equations:— 

1. Si(OC2ll5)4+CIl3COCl-SiCl(OC2H5)3fCH3CO(K.,H5 

2 . SiCl4+3Si(OC2ll5)4-4SiCl(OC2H6)3 

3. SiCl4+3C2H60H-:SiCl(OC2ll5)3+3HCl 

The last reaction requires absolute alcohol, and a sealed tu])e at 160'^ 
C. for several hours. 

The compound is a liquid, B.pt. 156® C. With sodium ethyl it forms 
ethyltriethoxysilicon: 

SitM(OC2ll5)3 t NaC2H5--NhiCl 

Alkyl Derivatives of the Tyjie (R3Si)20. 

Triethyl silicon oxide or Bis-(triethylmonosilyl)-ether, [((' 21 ^ 16)3 
SiJgO. may be pre]jared by several methods,- and the reactions are 
represented by tlie followiiur ecpiations :— 

1. 2(02115)3^1(002115) |-2liI-(C2lIr>)aSi- 0---Si(C2ll6^ 

I 2 O.H 5 I+H 2 O 

2. 2(c,i[5)3Si(oii) P205 r(c,rr3):.si], 0 + 11,0 

3. 2(C3ir5)3Si0C3lIs+H3S04=[(C2ll5)3Si]3O-l 2C3H5llSO,-l up 

(fuming) 

4. 2{C3ir3)3SiCl +2K0II--=[(C3H5)3Si]30 +2KC1 +11,0 

(aqueous) 

It is also obtained from bis-(triehloromonosilyl)-ether, OlawSi - O - SiOlg, 
by the action of zinc ethyl: ® 

Si201eO+3Zn(02ll5)2=-[(C2H6)3Si]2O+3Zn0l2 

One molecule of silicon oxychloride is treated with the theoretical 
quantity (3 mols.) of zinc ethyl in a scaled tube at 180” 0. for a 
prolonged period. The zinc ethyl disappears, and after treating the 
product with concentrated sulphuric acid an oil is obtained, which after 
washing and drying gives a main fraction distilling between 230® and 
235® C. This is purified by several further fractionations and gives an 
analysis for triethyl silicon oxide. The compound is a colourless syrup, 
B.pt. 231® C., density at 0® C. 0-8590. It is soluble in concentrated 
sulphuric acid, and may be precipitated unchanged by the addition of 
water. 

Tripropyl silicon oxide or Bi8-(tripropylmonosilyl)-ether, 

[( 03117 ) 381 ] 2 O, is prepared from tripropylsilicane by the action of fuming 
sulphuric acid. The product is poured into well cooled water, when a 
yellowish oil separates, which is taken up with ether and dried over 
calcium chloride.^ The oxide is also j>roduced as a byq^roduct from 

^ Friedel and Ladenburg, Ber., 1870, 3 , 15 ; Annalen, 187], 159 , 250. 

* Ladenburg, Annalen, 1872, 164 , 300. 

® Friedel and Ladenburg, Annalen, 1868, 147 , 355, 

* Pape, Annalen, 1884, 222 , 354. 

VOL. XI.: I. I’J' 
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tripropylsilicon bromide, when preparing the silicol with ammonia. 
It is formed along with the silicol when tripropyl silicon acetate is 
acted on with aqueous sodium hydroxide. The oxide is a yellow, almost 
odourless oil, soluble in alcohol or ether, and boils between 280° and 
290° C. 

Tri-isoamyl silicon oxide, [(CgUiJaSiJgO, is produced ^ in the 
preparation of tetra-isoamylsilicane from silicon tetrachloride, sodium, 
and isoamyl chloride. It is contained in the oily residue which distils 
at 360° to 370° C. It has a glycerine-like consistency and is feebly 
fluorescent. 


Alkyl Derivalives of the Type RgSiO. 

Diethylsilicone or Diethylsilicon oxide, ( 02115 ) 2810 , is formed 
from silicon diethyl diethyl ether, which must first be converted into the 
dichloridc, for which f)ur])osc benzoyl chloride is used at 250° C. With 
water the silicone is formed : 

Martin and Kipping ^ prepared diethyl silicon dichloride in order 
to see if when decomj)osed with water a hydrol, (C 2 H 5 ) 2 Si(OH) 2 . was 
formed, corresponding to dibenzylsilicanediol. It was found, however, 
that the silicone, (€ 2115 ) 2810 , was formed, which then polymerised, 
giving a compound with a high molecular weight; the body was not 
analogous to the corresponding ketone.® The oxide is a syrup, insoluble 
in water, sparingly soluble in alcohol and easily soluble in ether. It does 
not solidify at —15° C., and distils below 300° C. without decomposition. 


Alkyl Derivatives of the Tyj)e R.SiO.OH. 

Methylsiliconic acid or Silico-acetic acid, CH 3 . 8 iO.OlT.—This 
compound is obtained ^ in the following manner : Tctraethoxysilicon, 
15 grams, and 10 grams of zinc methyl are heated in a sealed tube to 
120 ° C., opening the tube at various intervals to allow escape of gases. 
The final heating should reach 300° C., and the liquid is then fraction¬ 
ated. Methyl triethoxy silicon or orthosilicoacetic acid triethyl ester, 
B.pt. 146° to 151° C., is thus formed: 

Si(OC2H5),+Zn(CIl3)2=CH3Si(OC2H5)3+ZnCH3(OC2H5) 

This is then decomposed by aqueous ammonia or by boiling with 
hydrogen iodide, B.pt. 127° C., giving methylsiliconic acid, which is a 
white, amorphous powder, leaving a residue of silica when burned. 

Ethylsiliconic acid or Silico-propionic acid is obtained from 
ethyl triethoxy silicon ® using benzoyl chloride at 300° C.: 

SiC2H5(OC2H5)3+3C5H5COCl-C2ll5SiCl3-f3C6H5COOC2H5 

The trichloride is decomposed by water, giving the acid and hydrogen 

* Taurkc, Ber., 1905, 38 , 1661. 

» Martin and Kipjnng, Trans, Chem, Sac., 1909, 95 , 302. 

® Robison and Kipping, Trans, Chem, Soc.^ 1908, 93 , 439. 

* Ladenburg, Annalen, 1874, 173 , 143, 

, * Ladenburg, ibid,, 1872, 164 , 300.. 
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chloride. Ethyl tricthoxy silicon or ethyl trinicthoxy silicon with hydro¬ 
gen iodide or aqueous ammonia yields ethyl si liconic acid; ^ 

C,Il5Si(OC2H5)3+3lII-CoH5.SiO.OIl+3C2H5l+H,^ 

This equation represents the most convenient method of preparation.^ 
It may also be isolated when Nordhausen sulphuric acid reacts with 
triethylsilicol: 

(C 2 lf 5 ) 3 Si( 0 H)+S 03 -C 2 H 5 Si 0 . 0 n+ 2 C 2 H 4 +H 2 +S 02 

The acid is an amorphous ))owder. 

Propylsiliconic acid or Silico-butyric acid is produced by allow¬ 
ing propylsilicon trichloride to drop into ice-water.^ It is insoluble in 
the usual solvents, and is a hard, solid mass, which can be ground into 
a ]K)w^der which is infusible. 

Isoamylsiliconic acid or Silico-hexoic acid is ])repared in the 
same way as the above body. It is a hard, brilile solid, with no definite 
melting-point, and is easily soluble in alcoliolic potassium hydroxide, 
ether, Ix'iizcne, or clilorororm, but is sparingly soluble in alcohol. 

Alkyl Derivatives of the Type RgSi—SiR 3 . 

Hexamethylsilicoethane ^ is formed from silicon hcxachloridc, 
SigClo, by methyl magnesium bromide. It boils at 112 "’ to 114 ° C. 

Hexaethylsilicoethane is prepared by the interaction of siiic^on, 
hexa-iodide and zinc diethyl. It is a liquid, B.pt. 2.50° to 253° C., having 
a density of 0-8510 at 0° C. and 0-8403 at 20° C. 

Aronuitic Derivatives, 

Tallin I. on next page show s the modes of passing from one eomjiound 
to another, using the phenyl derivatives as examples. 

Table II. show's the (iondensation products obtained from diphenyl- 
silicanediol, and similar compounds are obtained from dibenzylsili- 
canediol. 


Aryl Derivatives of the Type R^Si. 

Tetraphenylsilicane, (C 6 H 6 ) 4 Si.®~-This is prepared according to 
the equation, 

SiCl4+4C6H6Cl+8Na=-Si(CeH5)4+8NaCl 

in the following manner. Sodium granules, 23 grams, are slowly added 
to 20 grams of silicon tetrachloride, 56-2 grams of chlorobenzene and a 
little ethyl acetate in anhydrous ether. It is necessary to cool during the 
reaction, and after shaking several hours the deep blue powder is filtered 
off and washed with dry ether. Four-fifths of the filtrate is then 
distilled off, and a white, crystalline pow^der obtained, which after 

^ Ladenburg, i?er., 1872, 5 , 1081. 

* Ladenburg, Ann, Pharm., 1872, 164 , 300. 

3 Melzer, Ber,, 1908, 41 , 3390. 

« Bygd 6 n, Ben, 1912, 45 , 707. 

® Friedel and Ladenburg, Ann, Chim, Phys,, 1880, [ 6 ], 19 , 401; Annnhn, 1880, 203 , 
251. 

• Polls, jBer., 1885, i8, 1640. 
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washing with hot water and drying is crystallised from benzene.^ 
The compound belongs to the tetragonal system. It melts at 283® 
C., and boils without deeonij)osition above 580° V. It has a density 
of 1-078 at 20° In the above preparation of silicon tetraphenyl 
a by-product is produced in small quantities,^ M.pt. 148° C., and 
this is triphenylsilicol, identical no doubt with that from the 
decomposition of trij)henylchlorosilicane witli water, M.pt. 189° to 
141° C.» 

Tetra-p-tolylsilicane, Si(C6H4Cn3)4, is produced in the same way 
as silicon tetraplicnyl, but using p-bromotoluene. It forms colourless, 
transparent crystals, M.})t. 228° C., density 1-0793 at 20° C.. readily 
soluble in hot benzene and sparingl}^ soluble in chloroform or ether. 

Tetra-m-tolylsilicane is similarly jDrepared from m-bromotoluene.^ 
It forms long prisms, M.pt. 150-8° C., density 1-1188 at 20° C. 

Tetrabenzylsilicane is prepared by using benzyl ehloride. The 
reaction is not so vigorous as with (chlorobenzene, and after some time 
tlie ]>roduct is warmed on a ^vater-bath belore filtering. After washing 
tJie residue with dry etlier and distilling off the latter, a fuming oil 
remains, which when treated with ligroin yields a white, crystalline 
powder. This is recrystallised from warm etlier and melts at 127-5° C. 
It is easily soluble in benzene or chloroform, fairly soluble in warm 
ether, but sparingly soluble in alcohol. The yiccld is not so good as in 
the case of the })rceeding (compounds, dibenzyl being produced, and 
probably a benzyl silicon ehloride, B.pt. 100° to 180° C. Tetrabenzyl- 
silieane distils unchanged above 550° C-. 

Tetranitrophenylsilicane^ is prepared by nitrating silicon tetra¬ 
phenyl. Ten })arts of this compound are cooled in ice and salt mixture 
and 60 parts of fuming nitric acid with 80 parts of concentrated sul¬ 
phuric acid slowly added in small quantities. The product is filtered 
through glass-wool, then poured into a large volume of water while 
stirring. A snow-white i)recipitate is formed which is dried in the air 
at room temperature. When dry it is a pale yellow comjiound, M.pt. 
98° to 105° C., easily soluble in benzene, chloroform, or hot acetic acid, 
and insoluble in alcohol or light petroleum. It explodes above its 
mclling-])oint. 

Triphenylmethylsilicane ^ is prepared by the action of magnesium 
methyl iodide on triphenylsilicon chloride, and heating the jiroduct at 
130° C. for three hours. It is recrystallised from petroleum ether and 
melts at 67° to 67-5° C. 

Phenyltrimethylsilicane ® is obtained from phenyl silicon tri¬ 
chloride by interaction with methyl magnesium bromide, and boils at 
171-5° to 171-7° C. It is a transparent, highly refractive liquid, with a 
characteristic odour. 

Benzyltrimethylsilicane occurs from the interaction of benzyl- 
trichlorosilicane and methyl magnesium bromide. It boils at 191-2° to 
191-4° C., is isomeric with phenyldimethylethylsilicane and is a colour¬ 
less liquid, having a strong odour resembling anisole.® 

1 Polls, Ber., 1886, 19 , 1012. 

* Kipping and Lloyd, Proc. Chem. Soc., 1899, 15 , 174; Trans, Chem. Soc., 1901, 79 . 
449. 

* Polls, loc. cit 

Marsden and Kipping, Trans, Chem, 80 c,, 1908, 93 , 198. 

‘ Bygd 6 n, Ber„ 1912, 45 , 707. 
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Triphenylethylsilicane is formed by the action of zinc ethyl on 
triphenylsilicon bromide. ^ Two products are formed, triphenylcthyl- 
silicane and triphenylsilicane; the first is soluble in cold acetone, and 
the second soluble only with difficulty. Triphenylethylsilicane forms 
plates, M.pt. 72° to 74° C.^ It may also be prepared from triphenyl- 
silieon chloride, using excess of ethyl magnesium bromide.^ 

Phenyltriethylsilicane ^ is produced when pheiiylsilicon trichioride 
and zinc ethyl, in equal quantities, are heated in a sealed tube for one 
hour at 150° C. The gas pressure in the tube is then released and the 
heating continued at 160° C. and finally at 165° C. After treating 
the product with water, and then hydrochloric acid, an oil is formed 
which is taken up in ether, washed, dried, and distilled. The product, 
ll.pt. 230° C., is phenyltriethylsilicane, a colourless, faintly fuming liquid, 
soluble in ether and insoluble in water. It burns with a sooty flame and 
has a density of 0*9042 at 0 ° C. Diphenyldiethylsilicane, B.pt. 305° 
to 315° C., is formed as a by-product: 


2 Si(C,lI,),(C,Hs)=(C 6 ll 5 ),Si(C,H,),+Si(C,H 6 ), 

Phenyltriethylsilicane gives the following reactions :—® 

1 . ^ 

2. CeH 5 Si(C 2 H 5 )a+H,S 0 ,-CcH,HS 03 .Si(CJl 5 ) 3 +II^^ 

3. C 6 H 5 Si(C 2 ll 5 ) 3 +H,S 04 -(C 2 H 6 ) 3 Si 011 4 C 3 H 5 .SO 3 H 

Hot. 

4. Ccll 5 Si(C 3 H 5 ) 3 +Cl 2 =:.CeH 4 Cl.Si(C 3 ll 3 ) 3 +HCl 

The above chlorine substitution product (4) boils at 200 ° to 205° C., 
density 1*0185 at 0° C., is insoluble in water, has a faintly aromatic odour, 
and burns with a green flame, leaving a deposit of silica.® 

Diphenyldimethylsilicane is obtained by acting u])on diehloro- 
diphenylsilicane with an excess of magnesium methyl iodide. It boils 
at 170° to 178° C. at 45 mm.’ 

p-Bromophenyltriethylsilicane ® is forim^d from ethyl magnesium 
bromide and ])-bromophenyl silicon trichloride. It boils at 119° C\ at 
14 rnm., and lias a density of 1*1043 at 21 ° C. The magne^sium com¬ 
pound of the silicane reacts w ith acetaldehyde and higher aldehydes to 
form derivatives of the type Si(C.,H 3 ) 3 .U 6 U 4 .GIIR.OII (see Appendix, 
Table VIa).» 

p-Chlorophenyltriethylsilicane is prepared as above. It is a 
colourless, faintly fuming oil, B.pt. 137° C. at 14*5 mm,; density 0*9971 
atl8°C. 

^ Ladenburg, Ber., 1907, 40 , 2274. 

* Maraden and Kipping, Trans. Chem. Soc., 1908, 93 , 198. 

® Maraden and Kipping described the compound as forming rhomboidal prisma, M.pt. 
76® C., soluble in ether, chloroform, benzene, ethyl acetate, acetone, or light i)etroleum, 
moderately soluble in alcohol and insoluble in water. 

* Friedel and Ladenburg, Annalen, 1871, 159 , 259, 

® Ladenburg, Annalen, 1874, 173 , 160. 

® Bygd 6 n {Bcr., 1912, 45 , 707) obtained phenyltriethylsilicane from phenylsilicon 
tricliloride and 4*2 mols. of ethyl magnesium bromide, and found its boiling-point to lie 
between 238*2° and 238*4° C. 

’ Kipping, J. Chem, 8oc„ 1927, p. 104. 

® Griittner and Krause, Ber., 1917, 50 , 1659. 

® Gruttner and Cauer, Ber., 1918, 51 , 1283. 

Bygd^n, loc. cit. 
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p-Iodophenyltriethylsilicane is formed from the magnesium 
compound of p-bromophenyltriethylsilicaric, (C 2 H 6 ) 8 Si.C(jH 4 .MgBr, by 
tlie action of iodine. It boils at 105^ C. at 13 mm. ; density 1-3342 
at 16° C. 

p-Chlorophenyltri-n-propylsilicane is obtained from p-chloro- 
phenylsilicon trichloride and ii-proj)yl magnesium chloride. It is an oil 
with a faint odour, B.pt. 160° C. at 14 mm. ; density 0*9663 at 14° C. 

The refraetivities of the above compounds are shown in Table VI. 
of the Appendix. 

Phenyldimethylethylsilicane, (CH 3 ) 2 (C 2 ll 5 )(C 6 ll 6 )Si,i is best pre¬ 
pared from phenylethylsilicon diehloride, which is obtained according 
to the equation : 

C2H6SiCl3-iCeH,MgBr-(C2H5)(Cell6)Sia2+^ 

(1 mol.) ( 1*1 mol.) 

By the action of methyl magnesium bromide on the above dichloride, 
the desired silieane is produced, B.pt. 197*6° to 198-6° C. The product 
is not quite pure. 

Benzylethyldipropylsilicane ^ is obtained from benzylethyl- 
propylsilicon chloride by the action of magnesium propyl bromide. It 
boils at 280° C., and is a colourless, mobile liquid. It is converted into 
benzylethyldipropylsilicane sulphonic acid, (C 2 l^ 6 )(^" 3 ll 7 
SO 3 II, by ehlorosulphonie acid in chloroform solution. The Uinenthyl- 
amine salt, Si.C 2 H 6 (C 3 H 7 ) 2 CH 2 .C 6 H 4 S 03 ll.CioHi 9 NH 2 , prepared from 
the ammonium salt, is a colourless solid. The cinchonidine salt melts at 
194° to 195° C., and has the value [a]i) —72°. The cinchonidine hydrogen 
salt melts at 222° to 224° C. The quinine salt has a melting-point of 
175° C., and [ajo —112*3°. The quinine hydrogen salt melts at 223° 
to 224° C. The /-menthylamine, cinchonidine, and quinine salts arc 
very similar to the corresponding salts of d/-benzylmethylethyl- 
propylsilieane sulphonic acid, which seems to point to the fact that 
the latter are merely mixtures of their optically isomeric components. 

Dibenzylethylpropylsilicane ^ is prepared by the interaction of 
benzylethylpropylsilicon chloride and magnesium benzyl chloride. The 
body is easily acted on by ehlorosulphonie acid, like all silicon hydro¬ 
carbons containing a benzyl group. Sulphonation under suitable 
circumstances gives a mono acid which is usually accompanied by a 
disulphonie acid. Dibenzylethylpropylsilicane is a colourless liquid, 
lighter than water. It is miscible with most organic solvents, and has 
a violet lluorescence. The l-menthylamine salt, 

CeH6Cn2.Si.C2II5.C3H7.CH2.CeH4.SO3H.C10H19NH2.2H2O 

crystallises from moist petroleum ether in plates, and is similar to the 
corresponding salt of the monosulphonic derivatives of benzylmethyl- 
ethylpropy Isili cane. 

Phenylmethylethylpropylsilicane ^ is produced by the action of 
methyl magnesium iodide on phcnylethylpropylsilicon chloride. It is a 
mobile liquid, B.])t. 228° to 230° C., and is decomposed by sulphuric acid, 
giving apparently benzene and methylethylpropylsihcol. 

1 Bygd^ii, Ber„ 1912, 45 , 707. 

2 Marsden and Kipping, Proc. Chem, 80c., 1908, 24 , 12 ; Trans, Chem, 80c., 1908, 
93 » 1 ^ 8 . 

* Challenger and Kipping, Trans, Cfiem, 80c,, 1910, 97 , 142. 

^ * Kipping, Proc, Chem. 80c., 1906, 21 , 66 ; Trans. Chem, 80c., 1907, 91 , 209. 
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Phenylbenzylethylpropylsilicane is prepared by the action of the 
benzyl Gri^iiard rea^?ent on phenyleth 3 ^]propylsilicon chloride. The com¬ 
pound is a colourless, highly refractive liquid, lighter than water, B.pt. 
249° to 251° C. at 100 inm., and is readily decomposed by sulphuric acid, 
giving benzene and benzyleth^^lpropylsilicol or the corresj)onding ether, 
(Si.C 2 H 6 .C 3 H 7 .C 6 ll 5 CH 2 ) 2 ^* When this decomposition product of 
phenylbcnzylethylpropyJsilicane is heated with sulptiuric acid it 
undergoes sulphonation, but only one acid of the several formed has 
been separated. It seems to have the composition 

Si.C2Il6.C3II7.OH.CH2.C6H4.SO3H 

Benzylmethylethylpropylsilicane is prepared in tlie same way 
as the corresponding phenyl compound, using methyl magnesium iodide 
and benzylethylpropyl silicon chloride.^ It is a mobile liquid, B.pt. 177° 
C. at 100 mm. Sulphuric acid at 130° C. sulphonates the body, forming 
a mixture of acids, two of which have been separated in the form of their 
hmsnthylamine salts. Analysis apparently points to one being derived 
from beuzylethylproj)ylsilicolsulphonie acid, and therefore its formula is 

C2H6.C3H7.Si(OH).CH2C6H4.S03H.CioHi9NH2 

Being only produced in small quantity, it has not been very thoroughly 
investigated. The salt crystallises in prisms, M.pt. 210° to 212° C. 
The second hmenthylarnine salt has the composition, 

Si(CH3)(C2H6)(C3H7)CH2.C6H4.S03H.C4oH,2NH2 

and can be more readily formed by sulphonation of benzyhnethylcthyl- 
propylsilicanc with chlorosulphonic acid. It crystallises with 2 niols. 
of water of crystallisation from wet petroleum ether, and the deh}'^- 
drated salt melts at 122*3° C. The l-menthylamine, quinine^ cinchoni^ 
dine, cAnchonine, narcoline, and several other salts of the above d/- 
silicane sulphonie acid have been fractionally crystallised under different 
conditions, but no indication of resolution of the acid lias been observed. 

Benzylethylpropylisobutylsilicane ^ is obtain(^d from benzyl- 
ethylpropylsilicon chloride hy isobutyl niagnesiuni bromide, and is a 
colourless liquid resembling a hydrocarbon, B.pt. 282° to 283" C. It 
is sulphonatcd by chlorosulphonic acid, as in the case of the previous 
compound containing more closely related groups, and the Umenihyl- 
amine salt obtained. After fractionally crystallising this it cannot be 
resolved. Several other salts have been made using active bases. The 
extreme fractions of the hydrogen salts of quinine, cinchonine, and 
cinchonidine have been investigated, but, except for the last case, the 
melting-points and specific rotations of these fractions of a given salt 
are identical within limits of experimental error. In the cinchonidme 
hydrogen salt two fractions investigated are thus: most readily 
soluble fraction, [a]i)+61*6°; sparingly soluble, [a]D+72*7°. One 
crystallisation from ethyl acetate and methyl alcohol gives results 
+57*1° and 73*8°, and the decomposition points of the fractions are then 
identical (220° to 223° C.). The next most readily soluble fraction 
gives +62-5°, and the decomposition point is the same as the above. 

^ Kipping, Proc, Chem, Soc,, 1906, 2X, 66 ; 1907, 23 , 83; Trans, Ohem, Soc., 1907, 
92 , 717. 

* Kipping and Davies, Proc, Chem, Soc,, 1909, 25 , 9 ; Trans, Chem. Soc,; 1909, 95 , 68 . 
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Further results have failed to show resolution. Possibly they are 
resolved under certain conditions, but the enantiomorphous relationshij) 
between the two optically active acids is difficult to establisli. 

Aryl Derivatives of the Type R^SiX. 

Triphenylchlorosilicane, (C 6 ll 5 ) 3 SiCl, is prepared ^ from tetra- 
phcnylsilicane and phosphorus pentachloride : 

(CeIIj4Si+PCl5-(CeH5)3SiCl+C«H50+Pa 

It forms colourless crystals, fuming slightly in air, M.pt. 88" to 89" C. 
This substance may be distilled under reduced pressure witliout de¬ 
composition, but hydrogen chloride is evolved when it is distilled at the 
ordinary pressure. It is readily soluble in light petroleum, anhydrous 
ether, benzene, chloroform, or carbon bisulphide, but in absolute alcohol 
it yields the corresponding effter. The chloro-compound undergoes 
rupture at the phenyl-silicon linking when treated with metallic sodium 
in liquid ammonia. Triphenylchlorosilicane combines with 2 mols. o( 
ammonia, giving a product which on dec-omposition yields IripfienyU 
silicylamine, M.pt. 55" to 56" C.^ 

Triphenylbromosilicane ^ is obtained by warming tetraphenyl- 
silicane with the molecular quantity of bromine on a water-bath, then 
10 per cent, bromine is added and the whole heated to 150" C. for eight 
or ten hours. 

(C«Hj4Si+Br2=(CeH5)3SiBr+Cell5Br 

The residue is treated with ligroin, the solvent distilled off, and the 
bromobenzene removed in vacuo, when impure bromide remains. ^ It 
forms colourless, small needles, fuming slightly in air, M.pt. 118" to 
120" C., and is easily decomposed by water or alcohol. It is readily 
dissolved by ether or hot benzene, but is difficultly soluble in ligroin. 
The yield is about 30 per cent. 

Triphenylsilicon acetate, (C 6 H 5 ) 3 Si.OCOCH 3 , is produced by 
boiling triphenylsilicol with acetyl chloride.^ It forms colourless 
prisms, M.pt. 91" to 92" C. 

Tribenzylchlorosilicane ® crystallises in jmsms, M.pt. 141" C., 
B.pt. 300" to 360" C. at 100 mm. Water decomposes it into tribimzyl- 
silicol. 

Diphenylethylchlorosilicane is obtained by working up the by¬ 
product, B.pt. above 240" C., in the preparation of phenylethylsilicon 
dichloride, which is isolated from phenyl magnesium bromide and ethyl 
silicon trichloride. It is a colourless liquid, B.pt. 206" to 208° C. at 50 mm. 
The corresponding methyl compound boils at about 180° to 195° C. 

Dibenzylethylchlorosilicane occurs in the preparation of benzyl- 
ethyl silicon dichloride, using benzyl magnesium chloride on ethyl 
silicon trichloride.® It is a colourless oil, fuming in moist air, and is 

1 Polls, Ber,, 1886, 19 , 1012. 

* Kraus and Rosen, J. Amer, Chem, Soc., 1926, 47 , 2739. 

® Ladenburg, Ber„ 1907, 40 , 2274. 

* Kipping and Lloyd, Proc, Chem. 80c., 1899, 15 , 174; Trans. Chem. Soc., 1901, 
79 , 449. 

* Marsden and Kipping, Proc. Chem. Soc., 1908, 24 , 26 ; Martin and Kipping, 7 runs. 
Chem. 80c., 1909, 95 , 302. 

* Kipping, Proc. Chem. 80c., 1906, 21 , 65; Challenger and Kipping, Trans. Chem. 80c., 

*1910, 97» 142. 
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decomposed by water into the silicol, tliis spontaneously passing into 
the compound [(CeH5CH2)(C2H5)Si]20, M.pt. 56° C,, when kept over 
sul})hurie acid for a time. 

Phenylethylpropylchlorosilicane ^ is the principal j^roduct from 
the interaction of phenylethylsilicon dichloride and propyl magnesium 
bromide. Its boiling-point is not very delinite (about 250° to 260° C.), 
and it is a colourless, refractive, mobile liquid, fuming in air, and readily 
decomposed by water. 

Benzylethylpropylchlorosilicane is produced from benzylethyl- 
silicon dichloride (I mol.) and propyl magnesium bromide (I mol.). 
It is a colourless, fuming, mobile liquid, which generally becomes pink, 
and is immediately decomposed by water, yielding the corresponding 
silicol and oxide. It boils at 172° to 176° C. at 50 mm., and the yield 
is 50 to 60 per cent, of the theoretical. 

Benzylethylisobutylchlorosilicane.2—By the action of isobutyl 
magnesium bromide on benzylethyl silicon dichloride tlie above com¬ 
pound is produced. It has the same properties as the preceding body, 
and boils at 198° to 202° C. 


Aryl Derivatives of the Type R 2 SiX 2 .^ 

Diphenylsilicon dichloride ^ is obtained from triphenylchloro- 
silicane and phosphorus pentachloride. It is a colourless liquid, B.pt. 
280° to 287° ('. at 90 mm. It also occurs by the interaction of silicon 
tetrachloride and phenyl magnesium bromide.^ Silicon tetrachloride 
(170 grams) is stirred, cooled to 0° C. and 2-25 mols. of phenyl 
magnesium bromide in ether very slowly added. After allowing the 
whole to stand for twelve hours with occasional shaking, it is refluxed 
for three hours, then filtered in the absence of moisture ® and waslied 
with ether. The ether is removed by distillation, and after standing 
half an hour the remaining oil is refiltered and distilled at 50 mm. 
Three fractions are obtained : 

1. 110° to 120° C,, phenyl silicon trichloride. 

2. 190° to 225° C., diphenyl silicon dichloride. 

3. 260° to 300° C., triphenyl silicon chloride. 

Fraction 2 on redistilling gives a colourless oil, fuming slightly in 
moist air, B.pt. 202° to 204° C. at 45 mm. 

^ Kipping, Proc. Ghem. Soc,, 1904, 20, 15 ; 1905, 2I, 65 ; Trans. Chem. Soc., 1907, 91 , 
209. 

* Luff and Kipping, Proc. Chem. Soc., 1908, 24 , 224; Trans. Chem. 80c., 1908, 93 , 
2004, 

* A possible impurity in diphenylsilicon dichloride may be dicthoxydiphenylsilicane 
(Kipping, J. Chem. 80c., 1927, p. 2734), and the B.pt. of the latter compound differs little 
from that of the dichloride, as seen from the following figures :— 

SiPh 2 (OEt)j, 197° to 198° C. at 50 mm.; 217° to 218° C. at 100 mm.; 302° to 304° 0. at 
767 mm. SiPhjCl,, 199° to 202° C. at 60 mm.; 222 ° to 224° C. at 100 mm.; 302° to 306° C. 
at 767 mm. The siJicane is specifically heavier than water and miscible in common sol¬ 
vents, An alcoholic solution in the presence of a little alkali yields trianhydrotrisdiphenyl- 
silicanediol, and it is also slowly hydrolysed by dilute sulphuric acid. 

* Polls. Per., 1886, 19 , 1012 . 

® Dilthey and Eduardoff, Ber., 1904, 37 , 1139; Kipping, Trans. Chem. 80c., 1912, 
loi, 2108; see Kipping and Murray, J. Chem. Sac., 1927, p. 2737. 

* Kipping, Trans. Chem. 80c., 1907, 91 , 216. 
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By the action of mercuric oxide on this compound, an oxide, 
[SiPh 20 ]„, has been obtained.^ 

Diphenyl silicon dibromide.^ Jii the })rcparation of tri|)henyl- 
bromosilicanefrom tetraphenylsilicaiie and bromine the above compound 
is also formed. It boils bet ween 175° and 183° C. at 12 mm. 

Dibenzyl silicon dichloride —In the preparation of benzylethyl 
silicon dichloridc an oily by-product is formed, which in addition to 
dibenzyl and other silicon compounds contains dibenzyl silicon dichloride. 
It melts at 50° to 52° C., fumes in air, and decomposes with water, /giving 
the diol. By mercuric oxide it is transformed to a polymerised form 
of SiBzgO, soluble in ether, acetone, or benzene.^ 

Phenylethyl silicon dichloride is prepared from ethyl silicon 
trichloride and phenyl magnesium bromide. It boils at 228° to 232° C. 
and is a highly refractive liquid, fuming strongly in moist air. 

Benzylethyl silicon dichloride is obtained as above, using the 
benzyl Grignard reagent. To avoid formation of too much dibcn/yl, 
the reaction is carried out at 0° C. I'he two })roducts obtained are 
benzylethyl silicon dichloridc and dibenzylethyl silicon chloride. The 
former is a mobile, fuming liquid, B.pt. 169° C, at 100 mm. 

Aryl Derivatives of the Type RSiXg. 

Phenyl silicon trichloride. —This compound is made from silicon 
tetrachloride and mercury diphenyl.^ The two are heated at 300° C'. in 
sealed tubes and the product fractionally distilled. The trichloride is a 
colourless liquid, B.pt. 197° to 198° C.; it fumes in air and is slowly 
decomposed in cold water, more rapidly on warming or addition of 
ammonium hydroxide. It burns with a sooty flame, depositing silica: 

SiCl4+IIg(C6H5)2=-C^'6H5SiCl3 + 

Kipping prepared the body using the Grignard reagent.® One mole¬ 
cule of silicon tetrachloride and 1*25 mols. of plicnyl magnesium 
bromide are used, and the experiment carried out as for diphenyl silicon 
dichloridc. The crude body is collected between 110° and 120° C. at 50 
min. and ])urilied by repeated distillation under reduced pressure. Fifty 
grams of trichloride, B.})t. 198° to 200° C., arc obtained from 120 grams 
of silicon tetrachloride. The comi>ound is hydrolysed by ice-cold water 
or ammonium hydroxide solution,^ and the results seemed to point to 
the formation of condensation products, similar to those of the diaryl- 
silicanediols, and not phenylsiliconic acid, C 6 H 5 Si 02 H, by elimination 
of water from C 6 H 6 Si(OH) 3 . This view supports the possibility that 
the so-called siliconic acids are merely mixtures. At lower tempera¬ 
tures, the products of hydrolysis are possibly largely condensation 
products of the composition CeH^SiOgH or xC 6 H 6 Si(OH) 3 —xH^O, 
and at ordinary temperatures higher condensation products are formed 

^ Vyle and Kipping, Trans. Ghem, Soc., 1924, 125 , 2616. 

* Ijadenburg, Bar., 1907, 40 , 2274. 

^ RobiBon and Kipping, Tram. Chem. Soc., 1908, 93 , 439; Martin and Kipping, 1909, 
95 * 302. 

* Vyle and Kipping, loc. cit. 

* Friedel and Ladenburg, Annalen, 1871, 159 , 259; Ladenburg, Ber,, 1873, 6 , 379. 

® Kipping, Tram. Chem. Boc.^ 1912, 101 , 2106; Meads and Upping, Trans. Chem. 
Soc., 1914, lOS, 679. 

^ Meads and Kipping, ibid. 
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approximating to the formula (CeHsSiO).^©. For derivatives from the 
trichloride and magnesium p-bromophenyl bromide (see Appendix, 
Table VIa).i 

p-Chlorophenyl-silicon trichloride ^ is obtained from silicon 
tetrachloride and the magnesium compound of p-chlorobromobenzene. 
It is a colourless oil, B.pt. 105° C. at 15 mm., and is hydrolysed by water 
to the so-called siliconic acid,” an amorphous powder. 

p-Bromophenyl silicon trichloride is similarly prepared from 
the magnesium compound of p-dibromobenzene and silicon tetra¬ 
chloride. It is a faintly fuming oil, B.pt. 120 ° to 125° C., and is also 
hydrolysed by water. With alcohol it forms esters of the type 
CeH 4 .Br.Si( 01 l )3 (see Appendix, Table VIa).® 

p-Tolyl silicon trichloride.^- "Tetrachloro-silicane and mercury 
di-p-tolyl are heated in sealed tubes at 300° to 320° C., when the above 
compound occurs as a strongly refractive, fuming liquid, B.pt. 218° to 
220 ° C. It is found to be decomposed by water, giving a compound 
having the apparent composition C 7 H 7 Si 02 H, and this when heated at 
200 ° C. seems to be transformed into the oxide, ( 07117810 ) 20 . 

Benzyl silicon trichloride ® is produced when benzyl magnesium 
chloride is allowed to intcra(*t with silicon tctra(;hloride. It is a 
transparent, strongly fuming liquid, with a j)owerful odour, density 
1 *2834, B.pt. 94° to 9G° 0. at 1 1 mm. 

a -Naphthyl silicon trichloride is ])roduced in the above manner 
and is sinhlar to the j)rcceding compound, density 1*3760, B.pt. 165° to 
170° C. at 22 mm. 

Aryl Derivatives of the Type R 3 Si(OII). 

Triphenylsilicol, ( 06115)381 (OH),® is formed from triphenylehloro- 
silicane by boiling with water and a little ammonium hydroxide. It is 
also produced from the bromide by potassium hydroxide solution at 
120 ° 0. It is easily soluble in alcohol, ether, chloroform, or benzene, 
and may be crystallised from acetone, M.pt. 130° to 141° C. (Polis), 
148° to 150° 0. (Ladenburg). The compound is also prepared by 
treating the silicone, (CgllsJaSiO, with the Grignard reagent.^ Pre¬ 
pared thus it crystallises in prisms, M.pt. 150° to 151*5° C. (Marsden 
and Kipping). 

Triphenylsilicol trisulphonic acid, (€611480311 ) 3 Si(OH), is made 
by gently warming one part of the above silicol with six parts of fuming 
sulphuric acid. When it is all dissolved, the solution is poured into cold 
water, neutralised with barium carbonate, then gently warmed and 
filtered from barium sulphate. Evaporation of the filtrate yields the 
barium salt in white flakes. 

Trisulphonate of trinitrophenylsilicoL— The above compound 
is nitrated, using five parts of fuming nitric acid, whilst strongly cooling 

^ Griittner and Cauer, Ber., 1918, 51 , 1283. 

* Griittner and Krause, Ber., 1917, 50 , 1559. 

® Griittner and Cauer, loc. cit. 

* liadenburg, Annahn, 1874, 173 , ICO ; Ber„ 1874, 27 , 803. 

® Melzer, Ber., 1908, 41 , 3390; Martin and Kipping, Tram. Chem. Soc., 1909 95 , 
302. 

» Polis, Ber., 1886, 19 , 1012; Ladenburg, Ber., 1907, 40 , 2274. 

’ Kipping and Lloyi Proc. Chem, Soc., 1899, 15 , 174; Marsden and Kipping, Trans, 
Chem, 8oc„ 1908, 93 ,198. 
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the mixture. The product is poured into cold water, partly evaporated 
to remove some of the nitric acid, then again diluted and neutralised 
with barium carbonate. An intense yellow solution is formed, this after 
filtration and evaporation yielding the barium salt of the compound as 
yellow crusts, which are recrystallised from water. 

Phenylmethylethylsilicol,^ —^Phenylethylsiliconc is first prepared 
from phenylethyl silicon dichloride by hydrolysis, and the silicone then 
allowed to interact with methyl magnesium iodide. The product is 
contained in the fraction boiling at 115® C. at 17 mm. It is a colourless, 
mobile liquid, practically insoluble in water, and on standing slowly 
passes to the oxide which produces a turbidity. 

Phenyldiethylsilicol is also prepared from the silicone, as in the 
case of the j)revious compound. It boils at 165® C. at 60 mm. With 
water it is slowly decomposed, probabty yielding phenyldiethylsilicyl 
oxide. 

PhenylethylpropylsilicoP is formed from plieiiyhdhylpropyl silicon 
chloride by treating it with ])-toluidine in dry ether. The ether 
is distilled off and the residue warnied with sodium, tlien fractionated. 
It has similar jiropcrties to the above, and boils at 250® C. 

Tribenzylsilicol ® is prepared from benzyl silicon trichloride, which 
with cold water yields benzyl meta-silicic acid. This, with a large 
excess of benzyl magnesium chloride, and heating the reaction mixture 
to 220® C., gives the silicol, the dibenzyl being removed by steam-dis¬ 
tillation. The remaining pasty mass is extracted with ether, and the 
silicol distilled at 250® to 300® C. at 20 mm. The fraction solidifies and 
is crystallised from chloroform and light petroleum, M.pt. 104® C. The 
yield is only 5 grams from 14 grams of the acid. It has also been pre¬ 
pared using excess of Grignard reagent,* or from tribcnzylchloro- 
silicane using moist alcohol.® 

Dibenzyimethylsilicol is formed from dibcnzylsilicone, M.pt. 98® C., 
using ethereal methyl magnesium iodide and heating at 200® C. for one 
hour after distilling off the ether. An oily product is isolated, which 
mostly distils between 240® and 242® C. at 60 mm. 

Dibenzylethylsilicol is obtained also as an oil, and passes spon¬ 
taneously into dibenzylethylsilicyl oxide^ M.pt. 54® C. 

Benzyldiethylsilicol is isolated from benzylethylsilicone by 
gradually adding it to the ethyl Grignard reagent (1*5 mols.). The 
residue is finally heated to 190® C. for an hour, then treated when 
cold with water. The oil is extracted with ether, and 60 per cent, 
comes over at 165® C. at 40 mm. It is a colourless liquid, miscible 
with most organic solvents and decomposes slowly to oxide, deposit¬ 
ing globules of water, and becoming cloudy. With acetyl chloride 
this silicol does not give the corresponding chloride, as in the case of 
tribenzylsilicol. 

Benzylethylpropylsilicol may be obtained by two methods : 


^ Kipping and Hackford, Trans. Chem. tSoc., 1911, 99 , 138, 

2 Kipping, Tran. 9 . Chem. Soc., 1907, 91 , 209. 

^ Kipping and Hackford, Proc. Chem.. Hoc., 1911, 27 , 8 ; Trans. Chem. Hoc., 1911, 99 , 
138. 

* Dilthey and Eduardoff, Bet., 1905, 38 , 4132. Diltliey and Eduardoft give the 
melting-point 106® C., and describe the body as crystallising from alcohol in long, 
colourless needles. 

* Robison and Kipping, TraTia. Chem. Hoc., 1908, 93 , 439 . 
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1 . By the decomposition of benzylethylpropylchlorosilicane with 
water. ^ Two products result, one possibly being the ether, 

(CJl 5 C 14 .C,H,.C 3 ll 7 .Si ),0 

B.pt. 255'’ C. at 25 mm., but the principal product is the silicol, B.pt. 
155'’ C. at 25 mm. The silicane used in the preparation is formed from 
benzylethyldichlorosilicane and propyl magnesium bromide. 

2 . From benzylethylsilicone, CeHfiCHg.CgHg.SiO, and propyl mag¬ 
nesium bromide. The mixture is heated to 190® C., then decomposed by 
water. ^ 

Benzylcthylpropylsilicol is easily sulphonated, giving two acids at 
least. The ammonium salt of one seems to show it is derived from the 
acid of constitution, 

C,H 5 .C 3 n 7 .Si(OH).CH 2 .C 6 H 4 S 03 H 

but molecular weight determinations indicate polymerisation or con¬ 
densation. Suli)honation of the pure oxide, using chlorosulphonic acid, 
appears to give similar acids to those obtained from the silicol, the 
constitution being 

C 2 H 5 C 2 H 5 

I I 

SO,lI.CelLCJr..Si -O-Si.ClLCglLSOaH 

" I I 

C 3 U, C 3 H, 

Benzylethylisobutylsilicol ^ is formed when the corresponding 
chloride is treated with water. It boils at 162® to 164® C. at 25 mm. In 
each case, when the chloride, oxide, or silicol is sulphonated, the product 
is a mixture from which the di-acid, sulphobenzylethylisobutylsilicifl 
oxide is isolated as its hmenthylamine salt, 

[Si.C 2 H 5 .C 4 H 9 .Cn 2 .C 6 lT 1 SO 3 Hl 2 O. 2 C 10 H 21 N. 4 H 2 O 
M.pt. 240° to 245® C. and [a]i) —14-7® in methyl alcohol solution. 

Aryl Derivatives of the Type R 2 Si(OH) 2 . 

Diphenylsilicanediol and its condensation products have been 
studied by Kipping with interesting results.^ It may be prepared from 
8 grams of silicon tetrachloride and 17 grams of phenyl magnesium 
bromide in the following manner:—® 

During addition of the tetrachloride the mixture is carefully cooled, 
and then allowed to remain at room temperature until the greenish 
precipitate does not increase. Then the product is decomposed with 
ice-water, extracted with ether, and the solvent distilled off. The 
residue on crystallisation from benzene gives a 25 to 30 per cent, yield 
of the diol, which forms glistening needles, M.pt. 138® to 139® C. It 
is easily soluble in ether or chloroform, but sparingly soluble in ligroin, 

1 Kipping, J^roc. Ch^m. Soc,, 1905, 21 , 05 ; Trans. Chem. 8 nc., 1907, 91 , 717. 

^ Kipping and Hackford, Tra'ns. Oh^m. Soc., 1911, 99 , 1.38. 

® Luff and Kipping, Proc. Chem. Soc., 1908, 24 , 224; Trans. Chem. Soc,, 1908, 93 , 
2004. 

^ Kipping, Proc. Chem, Soc., 1912, 28 , 243, 244, 245; Trans. Chem. 80 c., 1912, loi, 
2108; Kipping and Robison, Proc. Chem. Soc., 1913, 29 , 374; Trans. Chem. Soc., 1914, 
X05, 484. 

f Dilthey and EduardofF, Ber., 1904, 37 , 1139. 
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It may be dried at 100° C. without decomposition. Further heating at 
a higher temperature causes elimination of 1 mol. of water, but the 
Remaining mass is gelatinous and has no definite melting-point, being 
probably dipheiiylsilieonc, (C 6 lT 5 ) 2 SiO.^ 

The diol is also formed by the action of dilute ammonium hydroxide 
or water on diphenylsilicon dichloride.^ 

Kipping in 1912 prepared the compound from diphenylsilicon 
dichloride and water, but it was difficult to obtain it pure. Dilute 
ammonium hydroxide on the dichloride gives only a small proportion 
of diphenylsilicanediol. When the dichloride is slowly added to 5 per 
cent, potassium hydroxide (4 mols.), slight heat is developed, and 
on feebly acidifying with acetic acid a white paste is formed, which 
when freshly precipitated is soluble in j)otassium hydroxide but changed 
during filtration and no longer soluble. 

Some air-dried specimens show a melting-point of 105° to 110° C., 
effervescence being due to steam. Attempts to purify the diphenyl¬ 
silicanediol show it to be usually decomposed in ether, or ethyl acetate. 
Occasionally, however, it has been thrown down from solvents as a 
lustrous f)owder or imperfect prisms, and an oil remains in the mother- 
liquor. The melting-points vary, and this is probal>ly due to traces of 
acid in the solvents, rather than removal of impurity by them. A trace 
of liydrochloric acid in a solution of diol usually causes a rise in melting- 
point to about 115° C. On this account crystallisation is carried out 
with ether at ordinary temperature, and the ethereal solution allowed 
to float on water containing a trace of potassium hydroxide. In this 
case diphenylsilicanediol is obtained as lustrous prisms, completely 
soluble in potassium hydroxide and decomposed at 115° to 118° C. with 
effervescence. Another means of purification is to dissolve the com¬ 
pound in acetone, then to dilute with a small proportion of water. The 
liquid is milky, and after standing a few days the diol separates, and is 
filtered, the milky liquid going through. The crystals are washed free 
from oil with chloroform. This operation is repeated until there is 
no milkiness, and then the pure diol is obtained after one more crystallisa¬ 
tion with hot ethyl acetate or acetone. 

Diphenylsilicanediol forms long, colourless needles or prisms which 
often exceed 20 mm. in length. It sinters at 125° C., and becomes liquid 
with effervescence at 128° to 132° C. It is practically insoluble in water 
or light petroleum, only sparingly soluble in cold chloroform, and very 
moderately soluble in boiling benzene. It easily dissolves in hot ether, 
ethyl acetate, or acetone. The diol is stable at ordinary temperatures, 
but its isolation is difficult owing to its sensibility towards alkalis, acids, 
and other reagents. The crystal measurements are shown in Table 
VII. of Appendix. 

Diphenylsilicanediol in the presence of acids or alkalis very easily 
undergoes condensation. This accounts for the glue-like substances 
obtained in the preparation of the diol from diphenyl silicon dichloride by 
various methods, and they consist of a mixture of any of the four follow'* 
ing condensation products ;— 

1. Anhydrobisdiphenylsilicanediol, 

H0.Si.(Cell5)2.0.Si(C,H5)2.0H. 

* Kipping and Lloyd, Trans, Chem. Soc., 1901, 79 , 

* Martin, Ber,, 1912, 45 , 403. 
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2. Dianhydrotrisdiphenylsilicanediol, 

H0.Si(CeH5)20.Si(CeH5)2.0.Si(Cell5)2.0II 

3. Trianhydrotrisdiphenylsilicanediol, 

0< >Si(C«H,), 

\si(c«ns)2.o/ 

4. Tetra-anhydrotetrakisdiphenylsilicanediol, 


.Si(C!Jl6),.O.Si(CeIl,) 

\Si(€«H,),.O.Si(CeIl6) 



When (li])]ienylsilicanediol is heated at to 180° C. it loses 

approximately 1 mol. of water and yields mainly trianhydrotris- 
di})henylsilieanodiol. In addition, a small amount of tetra-an hydro- 
tetrakisdiphenylsilieanediol is produced, and also an oil, easily soluble 
in ])etroleum etlu.T containing a little chloroform. It is proved not to 
be diphenylsiliconc, wliieh at first it seems likely to be, for a small 
quantity of (lianhydrotrisdi})henylsilieanediol is isolated. Steam- 
distillation gives no diphenylsiliconc in the distillate. Part of the oily 
product appears to consist of anhydrobis- and dianhydrotris- diphenyl- 
silicanediol. 

When diphenylsilieanediol undergoes condensation in aceione solution 
in the presence of a trace of piperidine, crystals of tetra-anhydrotetrakis- 
di])hcnylsilicanediol, M.pt. 200° C., are deposited, together with a small 
amount of a colourless powder, })robabIy a condensation product more 
complex than the above. 

Diphenylsilieanediol in acetone containing a little ammonium hydrox¬ 
ide gives an oil at ordinary temperatures, which, when crystallised 
from chloroform and light })ctroleum, yields anhydrobisdijdienyl- 
silicancdiol, M.pt. 113° C., and soluble in 5 ])er cent. })otassium hydroxide. 
Another experiment carried out in the same way gave a compound, 
M.pt. 112° C., insoluble in potassium hydroxide solution. It was 
dianhydrotrisdijjhenylsilicanediol. The products here arc not closed 
chain condensation bodies. 

Anhydrobisdi})henylsilicanediol. The crystals deposited from a 
mixture of chloroform and light petroleum give the measurements shown 
in Table VIII. of the Appendix. 

The action of piperidine on anhydrobisdiphenylsilicancdiol is to give 
tetra-anhydrotetrakisdiphenylsilicanediol and some trianhydrotrisdi- 
phenylsilicanediol, together with a powder consisting possibly of highly 
complex condensation products. The action of pi])eridine, besides 
causing condensation, also brings about hydrolysis of the anhydro- 
bisdiphenylsilicanediol, giving diplienylsilicanediol, and this then con¬ 
denses forming a small quantity of trianhydrotrisdiphcnylsilicanediol. 

Anhydrobisdiphenylsilicanediol changes after a time in the presence 
of hydrochloric acid in methyl alcohol solution, giving a small quantity 
of oil. The solvent is allowed to evaporate at ordinary temperature and 
the process repeated. The oil is washed with alcohol, and the sub¬ 
stance when crystallised from ethyl acetate yields prisms of trianhydro- 
trisdiphenylsilicanediol, M.pt. 188° C. No tetra-anhydro compound is 
detected. The hydrochloric acid therefore does not cause condensa- 
VOL, XI. ; I, 18 
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tion, but hydrolyses the anhydrobisdiphenylsilicanediol to the diphenyl- 
silicanediol, which then condenses to give trianhydrotrisdiphenyl- 
silicanediol. 

Dianhydrotrisdi])henylsilicanediol, deposited from chloroform and 
light petroleum, gives the crystal measurements shown in Table IX. of 
Appendix. 

The action of piperidine on dianhydrotrisdiphenylsilicanediol is to 
give tetra-anhydrotetrakisdiphenylsilieanediol, while some trianliydro- 
trisdiphenylsilicanediol is probably produced. 

Experiments seem to show that piperidine on diphcnylsilicanediol, 
anhydrobis- and dianhydrotris- diphcnylsilicanediol give as principal 
product tetra-anhydrotetrakisdiphenylsilicanediol. 

When hydrochloric acid is added to a methyl alcohol solution of 
dianhydrotrisdiphenylsilicanediol, an oil separates, which on evapora¬ 
tion at the ordinary temperature yields a crystalline residue. Rcerystal- 
lisation from ethyl acetate gives prisms of trianhydrotrisdiphenyl- 
silicanediol, M.pt. 188° C. 

Trianhydrotrisdiphcnylsilicanediol, a closed chain compound, is 
hydrolysed by potassium hydroxide, giving as final j)roduct the potas¬ 
sium derivative of diphcnylsilicanediol. On eva])orating off the alcohol 
and adding a slight excess of acetic acid to the residue the diol is de¬ 
posited. The following e(juation represents tlie reaction when hydro¬ 
lysis is sl()f)])ed at a very early stage of its development 


/Si(C\H6)aO. 

0< >Si(CeH5)a H.,0 - lIO.Si(i:«llB)ASi((’6ll6)2.0Si(C,H6),OH 

\si(c,H6),o/ 




0-25 gram of the trianhydro-com 2 )ound is dissolved in a mixtuni of 
acetone and a little ether, then (()-()5 gram) 3 })cr cent, aqueous sodium 
hydroxide added. In less than half a minute this is acidified with 
dilute acetic acid and the solvents evaporated rapidly at the ordinary 
temperature. The oily residue is next treated with alcohol, filtered, and 
again evaporated at the ordinary temjierature, and the oil after crystal¬ 
lisation from a mixture of chloroform and light j)etroleiim gives pure 
dianhydrotrisdiphcnylsilicancdiol. 

Trianhydrotrisdipheiiylsilicanediol, like the corresponding benzyl 
compound, is hydrolysed by hydrogen chloride into the open chain 
compound dianhydrotrisdiphenylsilicancdiol. This hydrolysis is re¬ 
versible. Piperidine on the trianhydrotris-dcrivative gives tetra- 
anhydroteirakisdi})henylsilicanediol mixed with unchanged product. 

Crystals of trianhydrotrisdq^henylsilicancdiol deposited from ethyl 
acetate solution have been measured, and the results are shown in 
Table X. of Ajqjendix. 

Trianhydrotetrakisdiphenylsilicanediol is the most complex open- 
chain compound yet isolated, and is formed by carefully hydrolysing 
tetra-anhydrotetrakisdiphenylsilicanediol. 

5i(CeH5)2.0.Si(CeH5)2\ 

>0-fH20=H0.Si(CeH5)20.Si(CeH6)2.0. 

«H5)2/ -- 


;i(C,H5),.O.Si(CeH5)^ 


Si(C«H5)20.Si(CoH,)2.0H 


This partial hydrolysis is carried out in the following way. The 
closed chain compound is dissolved in chloroform, and a considerable 
excess (5 to 6 mols.) of an alcoholic solution of sodium ethoxide is 
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added. Sufficient chloroform should be present to prevent any pre¬ 
cipitation. In not more than a minute slight excess of very dilute 
acetic acid is added, the whole shaken and the chloroform separated. 
The aqueous portion is again extracted with this solvent and all the 
chloroform evaporated at the ordinary temperature. The residue is then 
treated two or three times with cold ethyl alcohol, which leaves behind 
a considerable portion of unchanged tetra-anhydrotctrakisdiphenyl- 
silicanediol. The alcoholic extract after filtering is diluted with water 
and the trianhydrotctrakisdiphenylsilicanediol is obtained after several 
recrystallisations from a mixture of chloroform and light petroleum. 
The yield is not good, but further quantities may be obtained by repeat¬ 
ing the hydrolysis on the unchanged tetra-derivative. 

Trianhydrotctrakisdiphcnylsilicanediol crystallises in short, colourless 
prisms, M.pt. 128-5'^ C. It resembles the other two open-chain con¬ 
densation products of diphenylsilicancdiol. 

Tetra-an hydro tetrakisdiphenylsilicanediol is formed from tri- 
anhydrotetrakisdi])henylsiIicanediol by warming an alcoholic solution 
of the latter with a trace of sodium hydroxide. The crystalline pre¬ 
cipitate melting at 200° C. when crystallised from ethyl acetate is pure 
tetra-anhydrotetrakisdiphenylsilicancdiol, M.]>t. 201° C. 

An alcoliolic solution of the trianhydrotetrakis-com])ound with 
hydrochloric acid does not give so pure a product of the tctra-com- 
pound. The tri-body may be converted into the tetra-derivative also 
by heating the former at 190° to 200° C. for liftccii minutes. Water is 
evolved, and when decomposition ceases tlie mass is cooled. Addition 
of ether causes this to crystallise, and cold alcohol removes only a little 
soluble matter. The residue on crystallising several times yields pure 
tetra-anhydrotctrakisdiphenylsilicanediol, which forms well-defined, 
almost rectangular plates, when deposited from ethyl acetate at the 
ordinary temperature. Tliese have been measured and the results are 
recorded in Table XI. of Appendix. 

Phenylethylsilicanediol is obtained by hydrolysis of the corre¬ 
sponding disubstituted dichlorosilicanes with aqueous ammonium 
hydroxide.^ The diol is deposited in long, transparent needles, when 
the ethereal solution is evaporated at the ordinary temperature. The 
compound is recrystallised from ether and light petroleum, and has M.pt. 
70° C. It is easily soluble in organic solvents, except light petroleum, 
in which it is sparingly soluble. 

Anhydrobisphenylcthylsilicancdiol is formed from phenyl¬ 
ethylsilicanediol when a pure specimen of the latter is kept in a stoppered 
bottle at ordinary temperature. The reaction is very slow. An aqueous 
solution of the diol and a few drops of hydrochloric acid left for twenty- 
four hours yields a crystalline precipitate of the an hydro-compound. 
When crystallised from light petroleum and a little ether it forms long, 
transparent needles, M.pt. 87*5° C. 

Dibenzylsilicanediol,^—^The earlier preparations of the compound 
are not too satisfactory owing to mixtures being formed, but finally a 
yield of the diol has been obtained in the following manner:— 

Dibenzyl silicon dichloride is melted carefully and dropped into a 

1 Kipping, Trans. Chem. Soc., 1912, loi, 2106. 

* Dilthoy and Eduardoff, Ber., 1906, 38 , 4132; Robison and Kipping, Proc. Chem, 
8 oc„ 1912, 28 , 245; 1913, 29 , 348; Trans, Chem. 80 c., 1908, 93 . 439; 1912, 101 , 21 ; 
1914, lOS, 40. 
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5 per cent, solution of potassium hydroxide whilst stirring. The turbid 
liquid is filtered from the insoluble portion, possibly dibenzyl, then 
shaken with animal charcoal. When the clear filtrate is made slightly 
acid with acetic acid a thick, flocculcnt j)recipitatc is produced. This 
is diflicult to dry, but on leaving several days on a porous ])late and 
finally washing with light ))ctroleum the compound melts at 98"" to 100'' 

^ C., and is almost pure dibenz 3 dsilicanediol. There is a small proportion 
of substance iiKsolublc in potassium hydroxide present, which seems to 
point to a slight decom])osition after precipitation from the solution of 
the j)otassium derivative, due possibly to traecs of alkali adsorbed by the 
somewhat colloidal ])rcci})itate. The impurit}^ is not easily eliminated. 
The method adopted is to dissolve the dibenzylsilieanediol in acetone, 
then add water until a turbidity is produced, after which the solution is 
allowed to evaporate s])ontaneously. The liquid soon shows in addition 
to milkiness, silky, opaque needles, and these arc decanted from the 
mother-li(}Uors and again dissolved in acetone. This is repeated till 
the product is complete^ soluble in 5 per cent, potassium hydroxide. 

Dibenzylsilieanediol, M.pt. 101° C., is a})preciably soluble in warm 
water, separating when cold in long, white filaments. If a solution is 
heated to 00° C. for a short time, decomposition occurs. The presence 
of hydrochloric acid in a solution causes it to decompose, and a solution 
in potassium hydroxide when warmed beeomc'S turbid with separation 
of an oil. When the diol is heated to 100° C. an oily product is formed, 
which consists essentially of anhydrobisdibcnzylsilieanediol, and “ ter- 
molecular silicone ” or trianhydrotrisdibenzylsilicaiiediol, in small 
amount. At 130° C. the oil is a mixture of the above two ])roducts and 
other condensation ])roduets. 

Dibenzylsilieanediol is quantitatively converted into “ termolecular 
silicone ” when exposed to fumes of hydrogen chloride in a closed vessel. 
Another convenient means of prcf)aring the silicone is to keep pure 
dibenzylsilieanediol in alcohol and a little concentrated hydrochloric 
acid for several days, during which the quantity of crystals increases. 

When })ure diol is dissolved in a small quantity of acetyl chloride and 
allowed to evaporate s])ontancousIy, an oil results, which contains un¬ 
changed diol and anh^^drobisdibcnzyJsilicanediol. In some instances 
a good yield of hydrated crystals of the anhydro-body is obtained, using 
acetyl chloride in ether and light ])etroleum and evaporating at the 
ordinary tem})CTature. Hydrated crystals arc never formed until the oil 
containing the anlij^drobisclibenzylsilicanediol is exj)osed to atmospheric 
moisture or crystallised from solvents containing traces of water. 

Anhydrobisdibenzylsilicanediol is formed when 2 mols. of 
dibenzylsilieanediol condense with loss of 1 mol. of water. Though 
the jdeld is not good, the best method of preparation is as follows : 
Dibenzylsilicjlnediol (3 grams) is dissolved in 20 c.c. of dry ether, acetyl 
chloride (30 drops) added, and the solution in a beaker is kept in a 
desiccator over potassium hydroxide for-three hours. It is then con¬ 
nected to the pump and evacuated to remove most of the acid chloride. 
After six hours, crystals of tcrmolecular silicone ” usually appear on 
the surface. The solution is then })oiired into excess of cooled, dilute 
ammonium hydroxide and shaken. After extraction with ether and 
evaporation, the oily residue is treated with a little alcohol, which 
precipitates the silicone. The filtered alcoholic solution is diluted with 
water, and vigorous rubbing of the beaker with a glass-rod causes 
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hydrated anhydrobisdibenzylsilieanediol to be deposited. It is purified 
by dissolving in ether and diluting with lii^ht petroleum, then being 
allowed to evaporate? s})ontaneously after filtration. It is kept in a 
desie(‘ator over paraflin shavings. The yield is 2 grams of anhydro-com- 
pound and 0*9 gram of “ tcrmolecular silicone.” The former is readily 
soluble in cold chloroform or benzene, a turbidity occurring due to 
water of hydration. 

Seventy hours’ heating of anhydrobisdibenzylsilieanediol at 100° C. 
gives 6*6 per cent. H 2 O (iHgO^S GS per cent.). When heated at 100° 
to 110° C. for j:)eriods of about ten minutes a stage is reached correspond¬ 
ing with 3 08 per cent. HgC), after which the loss in w^eight becomes very 
small. At 130° to 150° C. tlie loss is 3-7 per cent, after ten minutes, and 
then much slower, till in two hours it is 7-8 per cent. This slow loss, after 
that due to water, is accounted for as being due to volatilisation of 
benzaldehyde formed by atmospheric oxidation. The odour of the 
aldehyde becomes more noticeable as the heating is prolonged. 
Though the remaining oil after heating is probably pure anhydrobis- 
dibenzylsilicanediol, it will not crystallise because it is so hygrosco]>ic. 
However, the hydrated form is obtainable from the oil by dissolving in 
light petroleum and allowing the solution to evaporate in air. 

Dianhydrotrisdibenzyisilicanediol, 


lI0.Si(CIl2C6ll5)2.0.Si(CH2C6H5)2.0.Si(CIl2C6ll5)2.0lI 


is probably present with anhydrobisdibenzylsilieanediol when di- 
benzylsilieanediol is condensed in the presence of alkalies. If the 
alkaline solution is heated to ]()()° C. for some; hours the precipitate is 
])artly soluble in cold al(‘ohol, and contains a considerable ])roj)ortion 
of trianhydrotrisdibcnzylsilicanediol. The dianhydrotris-body is not 
isolated by th(‘ above* method, although probably })resent. Attempts 
have been made to obtain it by hydrolysis of trianhydrotrisdibenzyl- 
silieanediol which, though jmictically insoluble in alcohol, slowly dis¬ 
solves in an alcoholic solution of potassium hydroxide owing to 
hydrolysis. 


Si(CIl2.CeH 


.O.Si(CIl2Cell5) 

\o.si(cii2C6ir5) 



.>0 


Si(CH2Cen5) 


O.Si(CH2CeH5)2.0II 

<3.Si{CIl2C6ll5)2.0Il 


Water precipitates a solid which gives with acetic acid dibenzyl- 
silicanediol. Further examination shows it to consist of anhydro- 
bisdibenzylsilicanediol as well as the above diol, or simply the anhydro- 
compound, or else a compound, M.pt. 82° C., according to the method 
of procedure. The desired product is that melting at 82° C., and 
it is obtained in the folloi/ving manner; A solution of trianhydro- 
trisdibenzylsilicanediol in cold acetone is treated with 3 per cent, 
potassium hydroxide (2 mols.) and thirty seconds afterwards a slight 
excess of dilute acetic acid is added. On further dilution with water 
an oily precipitate separates, which is filtered and extracted w ith ether. 
The solution of the oil in ether is diluted with light petroleum, then 
left to evaporate. Crystals separate and are recrystallised several 
times from ether and light petroleum, then dried over sulphuric acid. 



278 ORGANOMETALLIC COMPOUNDS. 

DianhydrotrisdibenzyJsilieaiiediol melts at 82"^ C. and is readily soluble 
in all organic solvents except light petroleum, in which it is only sparingly 
soluble, and insoluble in water or dilute, cold ])otassium hydroxide. 
Another method of hydrolysing trianhydrotrisdiben/ylsilicancdiol is to 
dissolve it in acetone containing one drop of concentrated hydrochloric 
acid. After half an hour the solution is diluted with water, vigorously 
stirred, filtered, and the solid extracted with cold alcohol. In this way 
the unchanged trianhydrotris-compound is left behind. On dilution 
of the alcohol with water, an oily substance is obtained which is extracted 
with ether. The solution contains dianhydrotrisdibenzylsilicanediol, 
and it is purilied by crystallisation from ether and light petroleum. 
Only 1.5 per cent, of trianhydro-eompound is transferred into diaiihydro- 
trisdibenzylsilieancdiol, so further dianhydro-eompound is formed by 
repeating the treatment. It seems ])robable that the reaction is re¬ 
versible and equilibrium under the conditions of the equation is when the 
proportion of dianhydrotris- to trianhydrotrisdiiienzylsilieanediol is 
about 1 to 5, or 1 to 6. 


.O.Si(ClI,Con5)2\ 
ILp-FSi(CH,C«H6)2< >0 


=±:^Si(CH,C«II,), 


O.Si.(CIl2CoTT5)201I 

O.Si(CH,CeIl5)2.0H 


This equation only ]irobably re]wesents one of several reversible 
reactions, others lading : 


.0.Si(CH,CeH,).011 

2ll,0+Si(CHXen5)2< > ;3Si{CH,CoH,),(OH)2 

\O.Si(Cll2CeIl5).,OII 

2Si(CIl2CelT5)2(OH)2 --> OH.Si(Cn2Coll5)2.0.Si(CIl2CeH5)20n + 11^0 

Trianhydrotrisdibenzylsilicanediol. It should be possible to 
obtain this compound from dianhydrotrisdibenzylsilicancdiol, if the 
reaction mentioned above is reversible. In alcoholic solution the 
equation should proceed from right to left, as the tri-body is insoluble 
in alcohol. This actually occurs in the presence of hydrochloric acid, 
the crystals, M.pt. 98° C., being pure trianhydrotrisdibenzylsilicanediol. 
The change is complete in twelve hours. This condensation in alcoholic 
solution goes even more easily with potassium hydroxide than acid, 
whilst the presence of acetyl chloride has the same effect, though it may 
be due to the hydrochloric acid formed in this case, and not directly to 
the acid chloride. The closed-chain compound is not satisfactorily 
obtained from dianhydrotrisdibenzylsilicanediol by heat. 

Trianhydrotrisdibenzylsilicanediol crystallised from chloroform and 
petroleum-ether mixture has been examined, and the crystallographic 
measurements are shown in Table XII. of Appendix. 

Benzylethylsilicanediol ^ is prepared from pure benzylethyl silicon 
dichloride, using ice-cold aqueous ammonium hydroxide under the con¬ 
ditions used in the preparation of phenylethylsilicanediol. The ethereal 
solution is allowed to evaporate spontaneously, when colourless needles 

1 Kipping, Trans. Chem. Soc., 1912, loi, 2106. 
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are obtained which may be recrystallised from a mixture of ether and 
light petroleum. 

Benzylethylsilicanediol crystallises from hot benzene or boiling light 
petroleum as transparent needles, but from aqueous acetone or alcohol 
as cotton-wooblike masses. The compound is appreciably soluble in 
cold water, more so in hot. It sinters at 80° C., is a pasty mass at 
85° C., becoming solid again and more bulky until at 100° C. it melts. 
Single crystals melt at 85° C. to a clear liquid which becomes turbid if 
kept at that temperature for a time. Large crystals in a test-tube melt 
at 98° to 100° C. This suggests that the substance is dimorphous. The 
change is not due to loss of water, for the compound does not eliminate 
the elements of water when kept at 85° C. for half an hour. It loses 
water, however, in a dry vacuum and becomes oily in a day or two. It is 
thought that the compound contains 1 mol. of water. 

Phenylbenzylsilicanediol ^ is most conveniently prepared by 
dropping the oily dichloride into a 5 per cent, solution of sodium hydrox¬ 
ide. Vigorous stirring is necessary during the reaction. The solution 
when filtered and treated with slight excess of dilute acetic acid gives 
a bulky white precipitate of the diol. When filtered and washed it is 
not quite pure, so it is dissolved in acetone and water added to repre¬ 
cipitate. This process is repeated until it ceases to give a milky fluid 
when the water is added, in which case also the compound is completely 
soluble in alkaline hydroxide. The product is then dried over^sul¬ 
phuric acid. It crystallises in silky needles which melt at 1()(>° C. on 
rapidly heating, but if kept at 90° C. for a time the com])ound liquefies 
and loses the elements of water. 

Aryl Derivatives of the Type (RSi())20. 

Silicobenzoic anhydride ^ is prepared from orthosilieobenzoic ester, 
SiCaH 6 (OC 2 li 6 ) 3 , by first converting it into the corresponding acid by 
aqueous hydrogen iodide, and then dissobdng the acid in alcoholic 
sodium hydroxide and passing in carbon dioxide. The precipitate is 
washed with absolute alcohol and the solution evaporated. Ihe solid 
is finally washed with water and dried at 100° C. The anhydride, 
(SiCeH 60 ) 20 , is an amorphous, colourless solid, moderately soluble in 
ether, less soluble in alcohol, and very slightly soluble in water. It is 
readily soluble in aqueous potassium hydroxide. Addition of ammonium 
hydroxide in excess yields silicobenzoic acid, and the anhydride heated 
with potassium hydroxide furnishes benzene. 

Silicotoluic anhydride » is prepared from tolyl silicon trichloride 
by decomposing it with ammonium hydroxide and heating the product 
at 200° €. The formula corresponds to (C7ll7SiO)20, but at a lower 
temperature it is probably C^H^SiOoH, the corresponding acid. It has 
similar properties to the silicobenzoic anliydride. 

Aryl Derivatives of the Type RjjSiO. 

Diphenylsilicone, (C 0 H 5 ) 2 SiO, has not been obtained in a crystalline 
form.^ 

^ Kipping, Zoc. cit. 

* Ladenburg, Ber.^ 1873, 6, 379. 

» Ladenburg, ibid., 1874, 7, 387. 

* Kipping and Lloyd, Trans^ Ckem Soc*, 1901, 79» 
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PhenylethyJsilicone, (C6H5)(C2H6)Si0.i— Phenylethylsilicon di¬ 
chloride, a fuming? ii(juid, can be readily dccojnposed by water, giving 
an oil wliich appears to be the above ketone. 

Benzylethylsilicone ^ is produced in the same manner as the 
preceding compound, from benzylethyldichlorosilicane. It boils at 
305*^ to SIS'" C. at 22 mm., is not decomposed by the usual reagents, and 
gives no oxime or hydrazone. The molecular weight in acetic acid 
solution points to the formula [(CgH 5 CH 2 )(C 2 H 5 )SiO] 3 . 


Aryl Derivatives of the Type ( 11381 ) 20 . 

Diphenylmethylsilicyl oxide is isolated by decomposition of 
diphenylmethylsilieol at its boiling-point.^ It forms hexagonal plates, 
M.pt. 51° to 52° C., is very soluble in the common organic solvents, 
but sparingly soluble in cold alcohol. 

Diphenylethylsilicyl oxide, [(C6H5)2(C2ll5)Si]20, M.pt. ()5 G° C., is 
prej)ared from di])lienylethylsilieyl chloride by de(^om])osition with 
water.^ The silieol is first formed, and this passes into the correspond¬ 
ing oxide. 

Triphenylsilicyl oxide.^— When triphenylsilicol is lieated with 
nitric acid in acetic acid solution it yields small, shining })lates of tri¬ 
phenylsilicyl oxide, M.pt. 222° C. 

Benzylethylbutylsilicyl oxide ® is formed by the action of water on 
the corresponding chloride. It is a colourless, viscous liquid, insoluble 
in water, soluble in alcohol, and boils at 250° to 252° C. The silieol is 
first formed, but soon })asses into the oxide, probably du(‘ to traces of 
impurity, such as hydrochloric acid. 

Benzylethylpropylsilicyl oxide is formed in a similar manner to 
the previous compound. It boils at 256° C. 

Sulphobenzylethylpropylsilicyl oxide ® is jirepared by sulphoua- 
tion of benzylethylpropylsilicyl oxide using sulphuric and chlorosulphonic 
acids. The body produced is identical with that prepared by sulphona- 
tion of d/-benzylethylpropylsilicol. This latter compound is isolated by 
the following series of reactions :— 

SiCl 4 +MgEtBr-SiEtCl 3 +MgClBr 

SiEtClg +MgPhBr -SiEtPhClg +MgC IBr 

SiEtPhCla+MgPrBr-SiEtPhPrCl-fMgClBr 

SiEtPhPrCl -f MgBzCl -SiEtPhPrBz +MgCl 2 (Bz -benzyl) 

SiEtPhPrBz+H 20 (+H 2 S 04 )-SiEtPrBz 0 H+CeHe(+Il 2 S 04 ) 

The silieol formed gives with sulphuric acid a mixture of sulj)honic 
acids, one of which has been isolated as the ammonium salt. It is found 

1 Kipping, Proc, Chern. Soc., 1904, 20 , 16. 

® Kipping, ihid.i 1905, 21 , 65. 

3 Kipping, J. Ghem. Soc., 1927, p. 104. 

^ Marsden and Kipping, Trans, Ghem. 80c. , 1908, 93 , 198. 

® Kipping and Lloyd, Trans, Ghem. 80c., 1901, 79 , 449. 

® Luff and Kipping, Trans. Ghem. 80c., 1908, 93 , 2004. 

’ Marsden and Kipping, Trans. Ghem. 80c., 1908, 93 , 198. 

• Kipping, Proc. Ghem. 80c., 1907, 23 , 9; Marsden and Kipping, Proc. Ghem. 80c. ^ 
1908, 24 , 12 ; Kipping, Proc. Ghem. 80c., 1908, 24 , 47. 
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to be a derivative of the correspondiji^ oxide, and possesses the eou- 
stitution, 


SOalLCeH^CHg.SiEtPr-O -PrEtSi.ClIaC 6 H 4 .S 03 ll 

It is the externally compensated compound, and though many of its salts 
with optically active i)ases crystallise unchanged, the de.vtro-viethyl- 
hydrindamine salt can be resolved by fractional crystallisation from 
aqueous methyl alcohol. 

The dB dA-salt is the more sparingly soluble, M.pt. 205® C. The 
impure dB /A-salt is from the most soluble fractions, and melts about 
135® C. 

The IB /A-salt has been prepared by resolving the acid with /-methyl- 
hydriiidamine. 

The two o]3tically active acids have very low specific rotations 
(roughly, [a]i)it:4°), but there ajq^ears to be ample evidence of their 
enantiomorphous relationship. Althougli the acids contain two asym¬ 
metric silicon groups, the S])cciric rotations arc only [aJodz^-S® to 5-9® 
for the sodium salts. 

The dA dB- and lA /B-methylhydrindamine derivatives vary con¬ 
siderably in outward properties from the dA ZB- and /A dB-compounds, 
which have a gelatinous or horny nature, but all lour salts have in 
methyl alcohol solution a specific rotation of [a]i):l:15® to 16®, 

dA ZB- and ZA ZB-mcnthylaniinc salts are almost indistinguishable 
from each other or from the salt of the dZ-acid. This is also true for the 
corresponding threes d-hornylamine compounds. The cinchonidine and 
cinchonidine liydroffen salts of the two active acids differ a little in melting- 
points. 

dl-Sulphohenzylethylpropylsilicyl <),nde is decomjiosed by hot con¬ 
centrated sodium hydroxide, giving paratoluene sulphonie acid. 

Sulphobenzylethylisobutylsilicyl oxide ^ can be obtained from 
any of the following bodies :— 

1 . Benzylethylisobutylsilicyl chloride^ Si.Et(C 7 H 7 )(C 4 H 9 )Cl, B.pt. 198® 
to 202° C. at 100 mm, 

2 . Be?izylethylisobutylsilicol, B.pt. 1G2® to 164® C, at 25 mm. 

3. BenzyletliylisobufyJsilicyl oxide^ B.pt. 250° 

to 252® C. at 20 mm. 

These compounds when sulphonated with chlorosulphonic acid and 
sulphuric acid each give a mixture, from which the same dZ-acid, namely, 
dl-sulphobenzylethylisobiitylnlicyl oxide is se})arated as its l-menthylamine 
.9aZZ,[SiEt(C4ll9)CH2C6H3S03H]20,2CioH2iN.4H20,M.pt.240®to245®C., 
[a] 1 ) —14-7®, in methyl alcohol solution. 

dZ-Sulphobenzylethylisobutylsilicyl oxide is resolved into its optically 
active components by fractional crystallisation of its d-methylhydrin- 
damine salt The pure dA dB-salt melts at 207® to 209° C., and its 
specific rotation in methyl alcohol solution is [ajo +16-7°. The specific 
rotation of the sodium salt of the d-acid is [ajn +10-4®. 

The pure ZA ZB-salt has M.pt. 207® to 209° C.; [a]D —17 0° (in methyl 
alcohol solution) is produced by fractional crystallisation of the salt of 
the dZ-acid with Z-methylhydrindamine. The specific rotation of the 
sodium salt of the pure Z-acid is [ajn —10*5°. 

d-Methylhydrindamine Z-sulphobenzylethylisobutylsilicyl oxide and 


^ Luff and Kipping, Proc. Chem. 8oc,, 1908, 24 , 224 and 236. 
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the corresponding dA ZB-salt are prepared by combining the optically 
pure acids with d- and Z-methylhydrindamine respectively. They are 
oils at ordinary temperatures. 

Z-Menthylamiae d-sulphobeiizylethylisobutylsilicyl oxide crystallises 
well with 4 H 2 O. It melts when anhydrous at 254° to 258° C., [aju 
(in methyl alcohol solution). The salt of the Z-acid is very alike in 
properties, M.pt. 253° to 259° C., [ajo --17-2°. The salt of the dZ-acid 
melts at 240° to 245° C., [ajo —14*7°. 

d-Bornylamme d-sulphobenzylethylisobutylsilicyl oxide melts at 209° 
to 211° C. The salt of the Z-acid meits at 210° to 212° C. 

CAnchonidine d-sulphobenzylethylisobutylsilicyl oxide crystallises in 
needles, M.pt. 171° to 173° C. The salt of the l-acid has M.pt. 181° to 
183° C. The specific rotations of the two salts are almost alike, the 
values being [ajo —68*5° and [a]j) —69*3° res])ectively in methyl alcohol 
solution. 

The cinchonidine hydrogen salts of the d- and /-acids are crystalline 
and decompose at 232° to 234° C. and 229° to 231° C. respectively. 

Dibenzylmethylsilicyl oxide ^ is prepared in a similar manner to 
the previous oxides, by decomposition with water. 


Heterocyclic Organo-Silicon Compounds, 

A Polymeride of Cyclopentamethylenesilicone ^ is isolated by the 
following reactions: Cyclopcntamethylenesilicoii dichloridc is obtaiiuxl 
by the action of the organo-magnesium compound derived from 1 : 5 
dibromopeiitaue on silicon tetrachloride in ethereal solution. Cyclo- 
pentamethylenesilicon dichloride. 


CH 



2 


is a clear, pungent liquid, B.pt. 169*5° to 170*5° C. at 764 mm. (corr.); 
density 1*1560 at 20° C.; nj) 1*46973 at 20*2° C. This body is hydro¬ 
lysed by water with production of a yellowish-brown solid, whieh is 
possibly a polymeride of cyclopentamethylenesilicone. 


CH 


XH2.CH 

XH«.CH 


*^Si=0 


If instead of silicon tetrachloride, dimethylsilicon dichloridc is used, the 
product of the above reaction is dimethylcyclopentain ethylene- 
silicane, 



It is a colourless, easily inflammable liquid of slight camphor-like odour, 
B.pt. 133° to 184° C. at 752*9 mm. (corr.); density 0*8089 at 20° C.; 
nu 1*48940 at 20*1° C.» 


^ Kipping and Hackford, Proc, Ghem. 80 c., 1911, 27 , 8 ; Trans, Chem, Soc., 1911, 91 , 
138, 

» Bygddn, Ber., 1915, 48 , 1236. 

* An attempt to obtain diethyloyclopentamothyleneailicane gave an impure product, 
apt. 184° to 194° C, 
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Aryl Derivatives of the Type HSiOgH. 

Silicobenzoic acid ^ is isolated from phenyl silicon trichloride by 
the action of alcohol and subsequently hydriodic acid. Silicobenzoic 
acid triethylester is first obtained, B.pt. 235° C., density 10133 at 0° C. 
and 1*0055 at 10° C. This is completely decomposed by hydriodic acid 
(B.pt. 127° C.) as follows :— 

PhSi(OEt)3+3HI -PhSiOgll +3EtI+H20 

• 

TJic compound melts at 92° C. to a viscous liquid, soluble in aqueous 
alkali, but not reprecipitated at once by dilute hydrochloric acid, though 
the solution becomes slightly cloud 3 ^ If allowed to stand for twenty- 
four hours, however, the acid completely separates out. If a solution 
containijig excess of potassium hydroxide be evaporated to dryness the 
potassium salt of the acid is not obtained, but the reaction seems to go 
as follows :— 

PhSiOgK +KOII =C elle +SiO^K., 

Preparation of pure salts of silicobenzoic acid is not satisfactory. At 
100 ° C. the acid changes to the anhydride, (PhSiO) 20 —a white, 
amorphous powder. The anhydride with excess of ammonium hydroxide 
changes into the acid again, and with potassium hydroxide it yields 
benzene.^ Silicobenzoic acid, or plicnyl-metasilicic acid as it was called, 
may also be prepared by the action of dilute ammonium hydroxide on 
phenyl silicon trichloride. On hydrolysis with water the body possesses 
the same transparent vitreous properties. Other conditions of prepara¬ 
tion give different results. In tlie course of formation of diphenyl- 
silicon dichloride from silicon tetrachloride, bromobenzenc, and mag¬ 
nesium in the presence of ether, some low fractions consisting of bromo- 
benzene and phenylsilicon trichloride were treated with steam to remove 
the former compound, and a white, brittle solid was left. To prove its 
nature pure phenylsilicon trichloride was treated with steam and the 
white solid repeatedly extracted with ether. The insoluble residue was 
dried at 120° C., and analysis showed it to be the anhydride of phenyl 
metasilicic acid. The work of Meads and Kipping seems to point to 
the possibility that the so-called siliconic acids are merely mixtures (see 
phenyl silicon trichloride). The composition of various fractions 
obtained from decomposition of phenylsilicon trichloride with water 
approximated to CcKgSiOgH, but experimental work showed that the 
so-called phenylsiliconic acid w^as a com})lex mixture of condensation 
products of the trihydroxy-compound, PhSi(OH) 3 . 

Tolylsiliconic acid.—There can be little doubt that this and its 
anhydride are also mixtures.® 

a - Siliconaphthoic acid, CioHySiOgH,^ is prepared from tlie 
corresponding trichloride, CioH 7 SiCl 3 ; it melts at 125° to 130° C. to a 
blistering mass. It is difficultly soluble in aqueous potassium hydroxide, 
but easily in alcoholic potassium hydroxide. 

^ Friedel and Ladenburg, Annalen, 1871, 159 , 259; Jjadenburg, Ber„ 1873, 6 , 379. 

* Kipping and Hackford, Tram. Chem, Soc., 1911, 99 , 138; Meads and Kipping, 
Tram, Chem, Soc„ 1914, 105 , 679. 

® Ladenburg, Ber„ 1874, 7 , 387. 

* Melzer, Ber,, 1908, 41 , 3390. 
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AryJ Derivalwcfi of Ihe Type R.Si(OEt).j, 

Silicobenzoic acid triethylester ^ is formed from the trichloride by 
the action of alcohol. 

PhSiClg + 3 C 2 H 5 OII =-PhSi(OEt )3 -f 3IIC1. 

The ester boils at 235° C., and has density 10133 at 0° C. and 1 0055 at 
10 ° C. 

Ethyl ortho-2 : 4 - dimethylsilicobenzoate, C 6 ll 3 Me 2 Si(OKt) 3 , 
B.pt. 208° to 271° C., is prepared from ethyl orthosilicate and magnesium 
ni-xylyl iodide.^ 

Benzyl orthosilicic acid triethylester is isolated from benzyl 
silicon trichloride by treatment \vith alcohol. It is a colourless oil, B.pt. 
170° to 175° C. at 70 mm.» 

a-Orthosiliconaphthoic acid triethylester, Cioll 7 Si(OKt).j,^ is 
produced in a similar manner to the previous compound. The pure ester 
boils at 308° to 320° C. at ordinary pressure with j^artial decomposition, 
or 17i° to 177° C. at 15 to 18 mm.s 

Aryl Derivatives of the Types, Si.(OR^)(OR2){OR3)(OB/*); 

X.Si(ORi)(6R2)(OR3) ; and X 2 Si(OR^)(OR2). 

These are obtained from silicon tetrachloride as shown by the follow¬ 
ing? equations ® 

SiCl4+PhOII —> SiCl^.OPh.+nCl 

SiCl.OPh I MeOIT-Si(1./)Ph.()Me 1 IICl 

SiCI '(OPh )(OMe)+EtOl I —> SiCl(OPh) (OMe)(OEt) +11 Cl 

Phenoxymethoxysilicon dichloride is a colourless liquid, B.pt. 
216° C. at 752 mm. It readily deconq)oses with water, j?ivino* silicon, 
hydrochloric a(Md, methyl alcohol, and phenol. Ethereal ethyl alcohol 
added to the above compound yields phenoxymethoxyethoxysilicon 
chloride, an oily liquid, B.pt. 211° C. 

Methoxyethoxysilicon dichloride is a colourless liquid, B.pt. 
128° C. With isobutyl alcohol this body gives methoxyethoxyisohutoxy- 
silicon chloride, Si(OMe)(OEt)(OBu)Cl, a liquid, B.pt. 159° to 160° C. 

Phenoxymethoxyethoxysilicon chloride cannot be resolved owing 
to its sensitiveness to moisture. It reacts with the salt of an optically 
active acid, but decomposes even over sulphuric acid. 

Phenoxymethoxyethoxymenthoxy silicon, Si (OMe) (OEt) (OPh) 
(OCiqIJij), has been pre])ared oidy as a thick, colourless oil, which could 
not be crystallised. 

Aryl Derivatives of the Types, RgSi—SiR^; RRl^R^Si.SiR^R^R®. 

Hexaphenylsilicoethane.^—Five grams of tri])henyl silicon chlor¬ 
ide in 150 to 200 c.c. of xylene and 2 to 3 grams of metallic sodium are 

^ Friedel and Ladenburg, Anndlen, 1871, 159 , 259. 

2 Khotinsky and Seregenkoff, Ber., 1908, 41 , 2946. 

® Martin and Kipping, Tram. Chem. Soc., 1909, 95 , 302. 

* Melzer, Ber., 1 ^ 8 , 41 , 3390; Khotinsky and Seregenkoff, ibid., 1908, 41 , 2946 ; 
Kbotinsky, ibid., 1909, 42 , 3088. 

® Khotinsky and Melzer describe the ester as a thick liquid of aromatic odour, B.pt. 
220° to 230° C. at 18 mm. 

® Kipping and Lloyd, Tram. Ctiem. Soc., 1901, 79 , 449. 

Schlenk, Renning, and Raoky, Ber., 1911, 44 , 1178. 
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boiled in a dry nitrogen atmosphere with frequent shakinej for two hours. 
The filtrate then deposits thin prisms, with oblique terminal faces of 
hexaphenylsilicoethane, PhaSi —SiPh^, M.])t. SSI*" C. 

dl-Diphenyldiethyldipropylsilicoethane, EtPrPh.Si.Si.EtPrPh.^ 
-- A freshly prepared specimen of phenylcthylpro{)ylsilicon chloride ^ is 
diluted with an ajqiroximatcly equal volume of dry xylene, then sodium 
in slight excess of the theoretical amount rccpiired is added. When 
heated to th(‘ l)oilin.i]jq)oint sodium chloride se])aratcs; the mixture is 
well shaken at intervals and intermittent boiliiif^ continued for twenty 
hours. After filtration, the residue is washed with a little xylene and 
the filtrate distilled at diminished pressure (50 mrn.), when the xylene 
distils over. There arc three fractions: 20 per cent, of the whole, B.pt. 
1G5^ to 225° C.; (K) per cent., sli<(htly fluorescent, Jl.pt. 225° to 275° C., 
and a viscous, yellow, oily residue. Further distillation yields a colour¬ 
less liquid, Il.])t. 2(35° to 270° C. at 100 mm., this heinijf diphenyldicthyl- 
dipro])ylsilicoethane by analysis and molecular weight determinations. 
The yield is nearly 50 per cent. This is ])robably due to the presence of 
])henylethylsilieon dicldoridc and phcnylcthyldipropylsilicanc with the 
required phenyl(‘tliyl])ropylsilicon chloride. 

l)ij)henyldiethyldij)ro])ylsilicoethane is a rather v’iscoiis liquid, with 
a faint, ]:>leasant, aromatic odour, and its density is less tliaii water. It 
is only sli^ditly volatile in steam, is slightly solubh; in cold methyl alcohol, 
but easily so wlnai warmed. It is miscible with acetone and most 
organic solvents. Jlromine water reacts with the silicoethaue, ^dvin,i( no 
doubt bromoben/ene. Goncentrated sul])hurie acid at 100° causes 
fonnatiem of benzene, in which reaction tln^ compound resembles other 
silicohydrocarbon derivatives which contain a })henyl ^rou]). Unlike 
other coni]K)unds which contain silicon atoms in direct combination, 
diphenyldicthyldipropylsilicoethane is stable towards hot solutions of 
alkali hydroxides. This is possibly due partially to the insolubility of 
the body in aqueous solutions, but even with sodium ethoxide in aqueous 
acetone there is no appreciable evolution of hydrogen. 

dl-Dibenzyldiethyldipropylsilicoethane, EtPr(C 7 ll 7 ).Si.SiEtPr 
is obtained from benzyicthyl})ropylsilicyl chloride in a similar 
maimer to the ])recedin^r compound. The contents of the flask, however, 
arc })oilcd only ten hours, and i(ive no reaction for combined haloixen. 
The product seems to be a complex mixture and is distilled at 30 mm., 
when four fractions are isolated; (1)30 per cent, of the product, B.pt. 135° 
to 100° C.; (2) 55 per cent., B.pt. 100° to 210° C.; (3) 10 per cent., B.pt. 
240° to 300° C.; (4) 5 })er cent., dark brown residue. Refractionation 
^dves a fraction 135° to 100° C. which is mostly dibenzyl, and the principal 
fraction boils at 240° to 250° C. at 20 mm. This is distilled into two 
products: (1) 240° to 244° C.; (2) 244° to 248° C. at 20 mm. Both these 
portions are found by analysis and molecular weight to be almost pure 
dibenzyldiethyldipropylsilicoethane, but the higher fraction (244° to 
248° C.) is the purer sample. 

The body is a colourless, moderately mobile liquid, with a faint, 
pleasant smell, and is specifically lighter than water. It is sparingly 
soluble in cold methyl alcohol and miscible in most organic solvents. 
It is practically stable in a(][ueous alkali hydroxides, and there is no gas 

^ Kii)ping, Tram. Chem, Soc., 1921, 117 , ()47. 

* Kipping, ibid., 1907, 91 , 218. 

® Kipping, ibid. 
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evolution when the eompound is warmed in a solution of sodium 
methoxide in methyl alcohol. It slowly decolorises bromine in 
carbon tetrachloride solution and fumes are evolved. An acidified 
solution of potassium dichromate is not appreciably oxidised by the 
siJicoethane. 

Sulphonation ofdl-dibenzyldiethyldipropylsiHcoethane .—A pale yellow 
emulsion is formed when a (piantity of the silicocthane is shaken with 
concentrated sulphuric acid. On gentle warming the emulsion ^^ivcs 
place to a solution which dissolves in cold water. The solution is 
neutralised with ammonium hydroxide, and when an aqueous solution 
of brucine hydrochloride is added a colourless precipitate is produced, 
which gives colourless needles when crystallised from acetone. When, 
however, a larger quantity of silicocthane is allowed to stand at the 
ordinary temperature with sulphuric acid, after some hours it changes to 
a water-clear solution, and this does not all dissolve in a relatively small 
quantity of water until ammonium hydroxide is added. 

Brucine hydrochloride gives a precipitate as before, which is easily 
soluble in cold acetone, but does not separate in crystals as previously. 
The brucine salt from the two experiments has been fractionally pre¬ 
cipitated from a solution in hot chloroform by addition of benzene. A 
gelatinous po^vder results, and this is no longer c*ompletcly soluble in 
acetone. The insoluble ])ortion is recrystallised, using the same solvents, 
and hnally a colourless ])owder is obtained which seems to be the 
brucine salt of the disuljdionic aeid.^ 

Formula : 

Si.Et.Pr.Cll 2 .C 6 ll 4 S 03 lI 

I ■ 

Si.Et.Pr.CHg.CfiHiSOjH 

l-Mcrithylamiiw salt of the disulphonic acid of dibenzyldiethyldipropyU 
silicoethane ,—The brucine salt does not crystallise well, so an aqueous 
solution of the ammonium salt of the disulphonic acid is treated 
with an aqueous solution of Z-menthylamine hydrochloride until there 
is no more precipitation. The precipitate is filtered and washed with 
water, then with methyl alcohol. At first a clear liquid comes through 
the filter, then lustrous crystals separate, but these become pasty as 
filtration is continued, and addition of water only gives a pasty com¬ 
pound. The crystals cannot be obtained again; possibly they appear 
owing to a favourable concentration. The pasty menthylamine salt 
is dried and crystallised from acetone, giving a colourless powder. It 
is further purified by using a mixture of acetone and methyl alcohol, 
and finally it is crystallised from wet ethyl acetate. The salt produced 
is doubtless the normal l-menthylamine salt of the disulphonic acid, 
formula, C24H3806S2Si2.2CiQH2iN.3ll20.2 Under the microscope the 
colourless powder appears in fern-like crystals; the anhydrous salt 
sinters about 208° C., and melts at about 220° C. It is more soluble in 
wet than dry organic solvents. A solution of the sodium salt of the 
menthylamine salt seems quite optically inactive; the solution gives 
precipitates with d-hydrindamine and d-methylhydrindamine hydro¬ 
chlorides. 

^ An air-dried sample lost 5-1 per cent, of water at 100® C., and the anhydrous salt 
was hygroscopic. 

* An air-dried sample lost 6*2 to 6*3 per cent, of water at 100® C. 
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Aryl Derivatives of the Type Si 4 Ph 8 and [SiPhJ^.^ 

When metallic sodium and diphenylsilicon dichloride (rather more of 
the metal than calculated for the proportion 2Na : SiPhgClg) in 3 to 10 
volumes of toluene or xylene are heated, reaction occurs as the sodium 
melts. In some eases the metal was added in small quantities, and in 
others the dichloride was added slowly to the metal, but either process 
slaves the same result. From the solution, six-sided crystals separate 
(A), and the solution is cooled and filtered, the dark blue residue bein^j 
extracted with boilin^jj toluene. This extract de})osits crystals of (A), and 
from the mother-liquors a second crystalline substance (C) is obtained. 
The dark blue powder, treated with alcohol-acetic acid, then with water, 
^(ives a small quantity of flocculent substance (D). 

J^he residue from the original toluene or xylene filtrate is a resinous 
mass on evaporation, most of it (E) dissolves readily in acetone, leaving 
a colourless powder from which three crystalline compounds have been 
obtained: (A) which is only sparingly soluble in boiling toluene, (B) which 
is readily soluble in cold toluene, and (C) which is even less soluble than 
(A). These compounds are dealt with below. 

“Unsaturated” Silicohydrocarbon, Si 4 Phg, (A).— This com¬ 
pound crystallises from boiling benzene in short, fiat, well-defined 
])risms, melting about 335° It is insoluble in most common solvents 
at the ordijiary temperature, but is a])})re‘ciably soluble in benzene or 
toluene, and easily in boiling aniline, benzybalcohol, or phenol, but 
prolonged boiling tends to decomposition. It is comparatively stable 
to boiling aqu(‘ous alkalies and sodium methoxide in alcoholic solution, 
but is ra])idly deeom}K)sed by boiling with wet piperidine. With iodine 
in V>enzene solution it is transformed to octaphenyldi-iodosilicotetrane. 
When boiled for three to five minutes with tetrachloroethanc, a crystal¬ 
line })roduet is isolated which melts at about 180° C., and is supposed 
to be the dichloride, Si 4 phgCl 2 . The “ unsaturated ” silicoliydrocarbon 
is decomposed after live minutes’ boiling with nitrobenzene, giving the 
oxide Si^PhgOg or dial Si 4 Ph 8 (OH) 2 . 

The silico-hydrocarbon also undergoes atmospheric oxidation, is 
oxidised by boiling with benzaldehyde, ethylene dibromidc, bromo- 
benzene, or phosphorus tribromide, or by ozone, when the hydrocarbon 
is covered with carbon tetrachloride and dilute ozonised oxygen passed 
in. In all cases tiie oxide, Si4Ph80, is isolated, and from these reactions 
Kipping has suggested that this compound may contain tervalent silicon, 
and be represented by . . . SiPh 2 SiPh 2 .SiPh 2 .SiPh 2 . . 

Octaphenyldi-iodosilicotetrane, Si 4 Ph 8 l 2 , prepared from the 
hydrocarbon as stated above, is a colourless or pale-yellow product, 
which turns pink and then yellowish-brown on exposure to light and 
moisture. It crystallises from benzene or ether in lustrous, very acute, 
rhomboidal plates, which do not melt below 250° C. In cold ether it is 
only very sparingly soluble, moderately soluble in cold benzene, but 
these solutions soon turn brown on exposure to air. Hydrolysis of the 
compound by an ammoniacal solution of acetone yields octapheiiyl- 
silicanetetrane oxide, Si 4 Ph 80 , and the rhomboidal oxide, Si 4 Ph 802 ; the 
former oxide is also obtained when th^ hydrolysis is carried out with 
aniline and water. 

1 Kipping and Sand, Trans. Ch^m. 80c., 1921, 119 , 830, 848. 

* Kipping, Trans. Gkem. 80c., 1923, 123 , 2590. 
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The iodide when treated with sodium in xylene solution ^ives 
sodium iodide and the “unsaturated” silicohydrocarbon. With 
magnesium ethyl bromide, the iodide yields octapheiiyldiethylsilico’- 
tetrane, whieh crystallises from aqueous acetone containing a little 
chloroform in flat, transparent, rhomboidal plates, containing 3 mols. 
of water of crystallisation. When anhydrous, it melts at 253° to 
254° C.; when heated with ])iperidine and sodium hydroxide, it decom¬ 
poses with evolution of hydrogen. ^ 

Octaphenylsilicotetrane oxide, 

SiPh2.SiPh.>\ 

I “>0 

SiPlu.SiPh/ 

Formed as just described by the hydrolysis of the di-iodide, it crystallises 
in microscopic needles, different sam[)les varying in nielting-])oint 
between 220° and 200° C. Jt is only slightly soluble in cold alcohol, 
acetone, glacial acetic acid, ether, or chloroform, but may be crystallised 
irom mixtures of chloroform, benzene, or acetone. From aniline, 
nitrobenzene, or hot ethyl aeetoacetate it crystallises in rosettes of long, 
transparent prisnis, whieh become opaque when warmed with acetone. 
Sodium hydroxide* in aeetbne solution attacks it with evolution of hydro¬ 
gen, and nitric acid or hydrogen bromide in glacial acetic acid solution 
oxidises it to the rhomboidal oxide. 

The Rhomboidal oxide, 

SiPh.>.O.SiPlK, 

I “ I “ 

SiPh^.O.SiPha 

crystallist^s from ethyl acetate, chloroform, or l:)enzene in rhomboidal 
crystals or in fern-like masses and is apparently dimorphous. It is less 
soluble in chloroform or benzene than the preceding oxide. It melts 
sharply to a clear liquid at 221° to 222° C. 

Saturated Silicohydrocarbon, Octaphenylcyclosilicotetrane, 
Si 4 Phg, (B).—This compound forms short, rectangular prisms, which 
do not melt at 400° C., but soon become plastic if kej)t at this tempera¬ 
ture. It is very soluble in cold benzene, cold chloroform, or hot ethyl 
acetate, but sparingly soluble in boiling acetic acid, and almost insoluble 
in cold acetone, ether, or alcohol. It is very stable towards iodine in 
benzene solution, bromine, tetrachloroethane, or nitrobenzene, but it is 
attacked by wet j)iperidine at 90° C. after several hours. From the 
decomposition products, diphenylsilicaiicdiol and tetra-anhydrotetra- 
kisdiphcnylsilieanediol liave been isolated. The former of these two 
compounds is also obtained from the action of aqueous methyl alcohol 
or acetone solutions of alkali hydroxides on the silicohydrocarbon. 
Nitric acid in acetic acid solution partially transforms the silicohydro¬ 
carbon to the rhomboidal oxide.^ 

Silicohydrocarbon, [SiPhgJn, (C), is deposited along with (A) from 
the toluene extract and requires prolonged extraction to remove it from 
the blue residue. When the blue salt is treated with alcohol-acetic acid, 
then with water, (C) and (D) ar^ obtained. These may be separated by 

1 Kipping, Trans. Ghem. Soc., 1923, 123 , 2598. 

* An amorphous form of octaphenylcyclosilicotetrane has recently been prepared 
(Kipping, J, Chem» Soc., 1927, p. 2727). 
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prolonged extraction with boiling benzene or toluene. To separate (C) 
from (A), the latter is converted to the di-iodide, leaving (C) undissolved. 
The latter crystallises from benzene in lustrous, transparent, six-sided 
pyramids and rhombohedra. (C), unhke (A), is not affected by boiling 
tetrachloroethane or nitrobenzene, and it does not react with iodine in 
boiling toluene or bromine in chloroform solution at ordinary tempera¬ 
ture. Prolonged warming with acetic acid containing nitric acid, or 
with 50 per cent, nitric acid, does not affect it, nor is it acted upon by 
sodium hydroxide in methyl alcohol or piperidine and sodium hydroxide 
on heating.^ 

Silicohydrocarbon, [SiPha]^, (D).—To isolate (D) the dark blue 
residue containing sodium and sodium chloride is first extracted with 
boiling toluene until it appears to be free from (C), then added slowly to 
alcohol-acetic acid mixture, keeping the acid in excess. After addition 
of water to the mixture, tlie insoluble residue is washed witli water by a 
diffusioii process, then washt'd with acetom* and extraetted with large 
volumes of hot benzene. It appears to undergo slight atmospheric 
oxidation, and is more readily oxidised by nitric acid in acetic acid 
solution than (A), (H), or (C>). If the mixture is heated, condensation 
])roducts of diphenylsilicanediol are ]>rincipally formed, and a similar 
result is obtained with an acetic acid solution of potassium perman¬ 
ganate. With nitrobenzene, potassium hydroxide, and piperidine- 
alkali mixtures, products arc obtained which can be converted into 
diphenylsilicanediol. 

When an acetone solution of (E) is kept in a closed vessel it deposits 
crystals of octaphenylcyclosilicotetrane (P) ^ and a very small pro¬ 
portion of (C). This seems to show that (E) undergoes a transformation 
into (B). An acetone solution of (E) when treated with alcohol gives 
at first a white, plastic precipitate, which can be pulled into long threads 
which change into a very brittle solid as the solvents evaporate. When 
systematic fractional precipitation is carried out and continued until 
each of the original fractions has been redissolved and reprccipitated 
several times, the most sparingly soluble portion, now precipitated in a 
flocculent form, if again treated with cold acetone, usually gives a very 
small separation of (B), with traces of (C), and this sej)aration of insoluble 
matter seems to continue indefinitely. Most of the original preparation, 
however, is merely resolved into fractions, all miscible with acetone, the 
more sparingly soluble of which consist of an easily fusible, resinous sub¬ 
stance of composition [SiPh^ln which may be termed (E^). When (E) 
is obtained from diphenylsilicon dichloride of about 95 to 97 per cent, 
purity, the product after two precipitations consists mainly of (Ei). 

The silicohydrocarbon (Ei).—When preparations of [SiPhg],, are 
fractionally extracted with boiling alcohol or boiling light petroleum, 
or precipitated from hot phenol with alcohol, their properties undergo 
little change, and no crystalline product is isolated save traces of (B). 
Fractional diffusion of the acetone solution through glazed earthenware 
also fails to yield crystals. The preparations begin to sinter from llO'* 
to 130° C., but have no definite melting-point. They are miscible with 
cold ether, benzene, and chloroform, separating out as ‘‘ glues, which 
become brittle, but are only sparingly soluble in boiling light petroleum 
and very sparingly in boiling alcohol or glacial acetic acid. The eom- 

^ Kipping, Travis, Ghevti, Soc,^ 1924, I25» 2291. 

* Kipping, Chem^ Soc,^ 1927, p. 2719. 
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pound (Ej) is not particularly reactive with iodine in cold benzene 
solution, and a little bromine is absorbed in carbon tetrachloride solu¬ 
tion, but it takes a long time before the proportion reaches Brg : [SiPh 2 ] 2 - 
When (Ej) in partial solution in glacial acetic acid is cautiously oxidised 
with nitric acid, it yields the rhomboidal oxide, p. 288, but it is almost 
entirely converted into crystalline and oily condensation products of 
diph enylsi licancdiol. 

Action of Sodium on Phenoxydiphenylsilicyl CJdoride, 

The phenoxydiphenylsilicyl chloride required for this reaction is pre¬ 
pared as follows: ^ One mol. of phenol in a little benzene is slowly added 
to diplienylsilicon dichloridc at about C. Hydrogen chloride is 

evolved and the liquid is heated until no more gas is evolved (about three 
hours). The product is then distilled at 40 mm., tlie following fractions 
being collected : 200^^ to 240° C. (15 to 20 per cent.) ; 250° to 200° C. 
(about 45 ])er cent.); 280° to 310° C. (large fraction). 

Phenoxydiphenylsilicyl chloride, Si(C6H5)2C1.0CgIl5, is isolated by 
further fractionation of the portion, H.])t. 250° to 200° C. It is a thick, 
very faintly fuming oil, B.j)t. 252° to 251° C, at 40 mm., miscible with 
light petroleum, soluble in 5 per cent. ])otassium hydroxide, yielding the 
potassium derivatives of phenol and of diphenylsilieanediol. It becomes 
solid on standing in air, this substance after crystallising from benzene 
consisting of trianhydrotrisdijdienylsilicancdiol. 

Dipheyxoxydiphenylsilicane, Si(CgH5)2(OCeH5)2, crystallises from the 
fraction above 280° C., but it requires fractionating again to obtain a 
pure product. It crystallises from light petroleum in massive, colour¬ 
less prisms and octahedra, M.pt. 70° to 71° C., very soluble in ether, 
chloroform, benzene, or acetone, moderately soluble in cold alcohol. 

Freshly distilled phenoxydiphenylsilicyl chloride in 4 volumes of dry 
toluene is treated with an excess of sodium and heated. The metal 
becomes covered with a blue crust, and after two to three hours’ boiling 
some colourless crystals are deposited. The hot solution is filtered, the 
blue residue (I.) washed with toluene, and the combined filtrate and 
washings evaporated under reduced pressure. The colourless, oily 
product on treatment with light petroleum yields a crystalline precipi¬ 
tate (II.), and the filtered solution on dilution with more petroleum gives 
an oily separation (III.). The clear petroleum solution decanted from 
the oil gives an oily deposit (IV.) when kept at 0° C., but even then 
contains a large quantity of product (V.). 

From the residue (I.) only octaphenylsilicotetrane is isolated. 
Diphenoxyoctaphenylsilicotetrane, Ph0.[SiPh2]4.0Ph.—The pre¬ 
cipitate (II.) consists of octaphenylsilicotetrane and diphenoxyphenyl- 
silicotetrane, the latter being extracted by boiling benzene. When 
further crystallised from chloroform, then benzene, it separates in well- 
defined, rhomboidal pyramids and in prisms, M.pt. 215° to 216° C. It 
is decomposed when heated with piperidine and concentrated sodium 
hydroxide, giving the sodium derivatives of phenol and diphenylsilicane- 
diol. It is practically insoluble in ether, acetone, alcohol, and glacial 
acetic acid, but very soluble in boiling aniline. 

From fractions (III.) and (IV.) by extraction with light petroleum, 
diphenoxydiphenylsilicane and some diphenylsilieanediol may be 

1 Kipping, J. Chem, Soc., 1927, p. 2728, 
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obtained, but the composition of other products has not been definitely 
settled, and the same applies to the constitution of fraction (V.). 


Organ am etallic Silicon Compounds containing Lead, Tin, and Arsenic, 

1 - Triethylsilyl - 4 - trimethylplumbyl-benzene, Et3SiCgPl4Pb 
Mcg,^ is obtained from the magnesium compound of triethyl-p-bromo- 
phenylmonosilane and trimethyl lead chloride in ether. It is a colourless 
oil, soluble in absolute alcohol and miscible with ordinary organic solvents. 
Two atoms of bromine at — 75^^ C. remove the aromatic group, giving 
(CH 3 )PbBr and Eta-p-Br.Cgll^Si. Triethylsilyl-4-triinethylplumbyl- 
benzcnc has a faint smell, boils at 191® C. at 17 mm., and does not decom¬ 
pose on distillation; density l-4()32 at 20® C. ; 1*;3997 at 23*8® C. ; 
n„„ 1*54879, n,) 1*54987, 1*5()240, n,,, 1*57417, at 28*8° C. 

1 -Triethylsilyl- 4 -trietbylstannyl benzene, Kt3SiC6ll4SnEt3, is 
similarly ])re])ared from the magnesium compound of trielliyl-p-bromo- 
phenyl-monosilane and tricthyl tin bromide. It boils at 214® C. at 
18 mm.; densitv 1*1210 at 21*2® C. ; n„^ 1*52810, ni> 1*52750, 
1*.53888, m,, 1*5 3804, at 21*2® C. 

1 -Triethylsilyl- 4 -diphenylarsyl benzene, Et^Si.CeHj.AsPh^, is 
produced from the sodium eompound of diphenylehloroarsine and 
triethyl-p-ehlorophenyl-monosilanc in ether and a little acetic ester. 
It is a colourless oil, B.pt, 279® to 281® C. at 17 mm. ; density 1*1073 at 
20® C., 1*1001 at 21*3® C.; 1*00784, riD 1*01455, n^^ 1*03181, Un^ 

1*04718, at 21*3® C. 

It is slightly soluble in nu'thyl alcohol and easily in ethyl alcohol 
and the ordinary organic solvents. 


Germanium. 

Al/k'yl Derivatives of Type R jGe. 

Gerjiianiurn tetrachloride has been selected as the starting-jioint for 
several of these organometallic compounds beeauvse it is easily obtainable 
in a high degree of purity.^ 

Germanium tetramethyl, Ge(Cll 3 ) 4 .^—In 1871 Mendelccff pre¬ 
dicted that germanium or eka-siheon would form volatile organometallic 
compounds, and it was Winkler, the discoverer of germanium, who in 
1886 first produced germanium tetraethyl. Germanium tetramethyl is 
obtained by the Grignard reaction, and as it is imjiossible to separate it 
from ether in the vacuum distillation apparatus,^ it became necessary 
to reduce the quantity of ether, which made a specialised apparatus 
compulsory. Twenty grams of magnesium turnings and 200 c.c. of 

1 Uriittner and Krause, Ber,, 1917, 50 , 1559. 

^ It was first obtained for this purpose by passing chlorine over crystalline germanium 
at fairly high temjKjratures (Dennis and Hance, J, Amcr. Chem, Boc,, 1922, 44 , 304). To 
avoid the preparation of metallic germanium from the dioxide another method has since 
been used (TalK^rn, OrndofT, and Dennis, J. Jmer. Chem. Soc,, 1925, 47 , 2039). Uermanium 
dioxide was suspended in coiio<*ntrat«Ml hydrochloric acrid and hydrogen chloride passed 
into the warm liquid. At 70" C. germanium tetrachloride distilled with traces of hydro¬ 
chloric acid. By means of a special piecre of apparatus all the airitl was removed and very 
pure germanium tetrachloride produced. 

“ Dennis and Hance, J. Physical Chem,, 1926, 30 , 1055. 

* Laubengayer and Corey, J, Physical Chem,, 1926, 30 , 1043. 
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dry ether are mixed and cooled in ice and salt, and 80 grams of methyl 
bromide in 100 grams of dry ether at —20° C. are slowly added to the 
mixture with brisk stirring. When the reaction ceases the contents of the 
flask are boiled for about half an hour, and then the ether is removed— 
the last traces by suction. Two hundred c.c. of dry xylene are then 
introduced. Germanium tetrachloride, 1 mol. to 8 mols. of Grignard 
reagent, is slowly added to the magnesium methyl bromide, the latter 
being kept warm. When the reaction ceases the ether is liberated 
and the xylene kept back by two condensers in the apparatus. The 
liquid remaining is fractionally distilled, and the greater part })asses over 
at 34° C. Repeated fractionations, however, do not remove the ether 
from the germanium tetramethyl. Consequently the mixture is treated 
with about twice its volume of cold concentrated sulphuric acid, and the 
hea\'y lasher of ethyl sulphuric acid separated from the lighter organo- 
metallic compound. This is washed several times, then dried over 
calcium chloride, and an arc spectrum revealed the ])roduct to be practi¬ 
cally frec^ from impurity. Germanium tetrametliy] is a colourless, 
oily liquid, of‘ a ph'asant, sweet odour, resembling ehloroform to some 
extent, and totally rliffercnt to germanium tetraethyl. It burns with a 
sooty flame, which is yellow on the outer surlace and deep-red on the 
inner zone. Nitric acid slowly oxidises it at 0° C., chlorine acts upon 
it rapidly in the cold, but bromine is much slower in action. Iodine 
has no effect for forty-eight hours. Germanium tetramethyl is soluble in 
alcohol, ether, and benzene, and it melts at about —88° C. and boils at 
43 *4° C. The index of refraction at 23-5° C. is T3868, and two density 
determinations at 0° C. are T003 and 1*0()9. 

Germanium tetraethyl.^—Winkler first obtained the compound 
from germanium tetrachloride and zinc diethyl, but the sample was not 
pure. Dennis and Hance started with pure zinc diethyl, using the 
reaction of Lachman,^ heating ethyl iodide with zinc-copper couple at 
100 ° C. They used a series of vessels, so arranged that the zinc diethyl 
was made, jiurilicd, and transferred without contact with the atmosjihere. 
Tlu^ zinc-cojipcr couple is prejiared by heating 25 grams of zinc dust and 
200 grams of })Owdered copper oxide in a current of hydrogen at about 
550° to 000° C. till reduction is complete. This is crushed in an agate 
mortar and mixed with an equal weight of dry sand which has prc^viously 
been treated with boiling hydrochloric acid. The sand facilitates the 
penetration of the powder by the ethyl iodide. 

The reaction between germanium tetrachloride and zinc diethyl, 

2Zn(C2H5)2+GeCl4=:2ZnCl2+Ge(C2ll5)4 

is found to be catalysed by one or both of the products. The zinc 
chloride does not seem to affect the speed of the reaction, but when 
germanium tetraethyl is used, although the reaction starts lethargically, 
it soon becomes so rapid that it is diflicult to control. When, however, 
germanium tetrachloride containing both zinc chloride and germanium 
tetraethyl is run into zinc diethyl, the reaction continues smoothly to 
completion. The pasty mixture is freed from zinc diethyl by adding 
small pieces of ice until the latter is decomposed. A 10 per cent, solution 

1 Winkler, J. prakt, CJiem., 1887, 144 , 177; Dennis and Haiice, J, Amer, Chem, Soc,, 
4925 , 47 , 370 ; Tabern, Orndorff, and Dennis, ibid., 1926, 47 , 2039. 

* Lehmann, Amer. Chem. J., 1900, 24 , 36. 
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of sodium hydroxide is next added and the mixture distilled in steam. 
Germanium tetraethyl and water arc collected. After a second steam- 
distillation the tetraethyl is separated, dried over calcium chloride, and 
again distilled. 

Germanium tetraethyl has also been obtained by the Grignard 
reaction. Forty-four grams of ethyl bromide and 9 C grams of mag¬ 
nesium are converted into ethyl magnesium bromide in tlie presence of 
200 c.c. of ether. 'J'o this is added 10-7 grams of germanium tetra¬ 
chloride in dry benzene. During the addition the liquid is stirred and 
boiled, and then warmed on a water-bath for three hours. Ice and acetic 
acid effect the decomposition, the organic solvent layer being separated 
and the benzene and ether removed by distillation. The residue boils 
between 155° and 165° C. It is twice treated with concentrated sul¬ 
phuric acid, washed, dried, then fractionally distilled. The germanium 
tetraethyl comes over between 162-5° and 163° C. (uncorr.), yield 60 per 
cent. It is a colourless oil of pleasant, characteristic odour. ^ The 
compound burns with a flame whose outer j^art is yellow and inner zone 
red, shading to blue near the burning liquid. It is slightly soluble in 
water, and soluble in many organic solvents. It is dillicult to oxidise, and 
chlorine reacts with it but slowly. Germanium tetraethyl boils at 
163-5° and melts at —90° C.; density 0-9911 at 24-5° C. ; n 1-443 at 
17-5° C. 

Germanium tetrapropyl, Ge(C 3 ll 7 ) 4 .—It is prepared in the follow¬ 
ing way: Propyl magnesium bromide is made from 50 grams of 
propyl bromide, 9*6 grams of magnesium, and 200 c.c. of ether. When 
the reaction ceases the ether is distilled off and replaced by dry benzene. 
Eleven grams of germanium tetrachloride in dry benzene are slowly 
added with constant stirring and boiling. After further boiling for 
an hour the mixture is decomposed by ice and acetic acid, the solvent 
layer being separated off, dried, and distilled. The fraction boiling 
between 200° and 230° C. is shaken with concentrated sulphuric acid, 
and again washed, dried, and distilled. Most of the oil boils at 225° C., 
and gives a 76 per cent, yield. It is a colourless, mobile liquid, with a 
petroleum-like odour. It dissolves in iodine, but at 50° C. it does not 
react with it to any extent. Ignition of the oil is not easy, but once it 
begins to burn it liberates a cloud of germanium dioxide ; density 
0*9589 at 20° C., M.pt. 73° C.; B.pt. 225° C. at 746 mm.; 2 n 1-451 at 
17-5° C. 

Germanium tetra-n-butyl is a colourless, oily liquid, B.pt. 178° to 
180° C. at 788 mm.^ 

Germanium tetra-isoamyl, Ge(C 5 Hn) 4 .^—Sixty-five grams of 
isoamyl bromide are slowly added to 9-6 grams of magnesium suspended 
in ether. The ether is replaced by dry benzene and 11 grams of german¬ 
ium tetrachloride in benzene added, after which the mixture is boiled for 
three hours. Decomposition is effected in the usual manner and the 
solvents are eliminated by distillation. The residue is a heavy oil, which 
decomposes when distilled at ordinary pressure. At 10 mm. it boils 
mostly at 168° to 164° C. The yield of germanium tetra-isoamyl is 
87 per cent.; density 0-9147 at 20° C. ; n 1-457 at 17-5° C. 

* The onipn-like odour described by Winkler must have betui due to impurities. 

* Tabern, Orndorff, and Dennis, J. Amtr, Chem. Soc., 1925, 47 , 2039. 

* Orndorff, Tabern, and Dennis, J, Amer, Chem. Soc., 1927, 49 , 2516. 

^ Tabern, Orndorff, and Dennis, foe. 
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Aryl Compounds of fhe Type R 4 Ge and their Derivatives, 

Germanium tetraphenyl or Tetraphenylgermane, Ge(C 6 H 5 ) 4 .— 
This compound may be prepared in several ways, but the most satis¬ 
factory method appears to be as follows The ethereal solution obtained 
from the interaction of 11-2 ^rams of magnesium turnings and 70-4 grams 
of bromobenzene in 200 c.c. of absolute ether is transferred, by means of 
nitrogen pressure, through a siphon tube into a 8-necked, round-bottomed 
flask. This flask carries a condenser, a drying tube, a funnel, and a tube 
reaching to the bottom to permit stirring l)y a stream of nitrogen. 
Anhydrous zinc cliloride, 83*2 grams, previously dried over phosphorus 
pentoxide, is sus])ended in 100 c.c. of ether and slowly added to the 
Grignard reagent. The mixture is stirred for one hour in the cold, then 
boiled for one hour, after which 100 c.c. of dry toluene are added and the 
ether removed on the water-bath. The product is cooled in ice and 
14-91 grams of germanium tetrabromide in toluene slowly added with 
vigorous stirring. The mixture is then boiled for sixteen hours on an 
oil-bath under an atmos})here of nitrogen. The mass is decomposed by 
cooling in ice and adding 200 c.c. of 2-Normal sulphuric acid, and the 
water-toluene mixture then boiled until no solid remains. The toluene 
layer is separated whilst still warm, dried, and the solvent removed with 
a vacuum-pump, the residue being recry stall ised from benzene and finally 
washed with low-boiling petroleum. The yield may be as high as 95*4 
per cent, if the reaction mixture is boiled sufficiently. The eompound 
has also been obtained: (1) By the interaction of germanium tetra¬ 
bromide and magnesium pheiud bromide;*^ (2) by the interaction of 
germanium tetrachloride and magnesium ])henyi bromide;’’^ (8) by 
adding germanium tetrachloride to sodium and bromobenzene in 
ether. 

Germanium tetraphenyl is a white, crystalline ])roduct, M.]:>t. 285-7'^ 
C., readily soluble in hot benzene, hot toluene, chloroform, moderately 
soluble in carbon tetrachloride, carbon bisulphide, and acetone, si)aringly 
soluble in alcohol, ether, and petroleum ether. It is not affected by 
boiling aqueous caustic alkali, or cold concentrated sulphuric acid, but 
the latter causes sulphonation on warming. Metallic sodium in liquid 
ammonia reacts slowly with germanium tetraphenyl, yielding sodium 
triphenyl germanide, NaGe(C(jIl 5 ) 3 , sodamide, and benzene; and with 
concentrated sodium solutions the colour changes indicate that a second 
phenyl group is substituted.^ 

Triphenylgermanium fluoride, (C 6 H 5 ) 3 GeF, is obtained in 
practically quantitative yield by heating the corresponding oxide with 
hydrofluoric acid in a platinum dish. The excess of hydrofluoric acid is 
evaporated and the product purified by distillation in a vacuum at 
150^ C. The fluoride melts at 76-6° C. (corr.), is insoluble in water, and 
only very sparingly soluble in liquid ammonia, but it is extremely 
soluble in organic solvents. The fluoride is hydrolysed by alkalies, but 
less readily than the bromide. It reacts with sodium triphenyl germanide 
to give hexaphenyldigermane. It is the most stable of the triphenyl 
germanium halides. 

^ Kraus and Foster, J. Ame.r, Ckem, Soc., 1927, 49 , 467. 

2 Morgan and Drew, Trans, Chem, 80 c., 1925, 127 , 1760. 

* Tabem, Omdorff, and Dennis, J, Arner, Chem, Soc,, 1925, 47 , 2039. 

* Kraus and Foster, loc, cit. 
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Triphenylgermanium chloride.^ —Triphenylgermaniuin oxide in 
dry petroleum ether is saturated with hydro^ren chloride, when the 
chloride separates in lar^c, colourless crystals. It may also be obtained 
by dissolving the oxide in boilin^r alcohol and adding concentrated 
hydrochloric acid, or by saturating a solution of triphenylgermanium 
bromide with hydrogen chloride and cooling. The chloride when 
crystallised from petroleum ether melts at 117'^ to 118° C. 

Triphenylgermanium bromide was first obtained ^ along with 
germanium tetraphenyl by the interaction of magnesium phenyl bromide 
and germanium tetrabromidc. It is more readily produced by direct 
bromination of germanium tetraphenyl in boiling carbon tetrachloride ^ 
or by brominating in ethylene dibromidc, the reaction going to com¬ 
pletion after a few minutes’ warming in the latter case.'^ It crystallises 
from petroleum (B.})t. 40° to 80° C.) in large, colourless, transparent, 
six-sided, refractive, ])rismatic needles or small compact ))risms, M.pt. 
138-7° ('., very soluble in the usual organic solvents, but sparingly in 
j)etroleum ether, 

Triphenylgermanium iodide ^ is a very unstable compound, 
formed by agitating a chloroform solution of the oxide with an aqueous 
solution of hydriodic acid. It forms pure white crystals from petroleum, 
M.pt. 157° C. (eorr.), but becomes yellow when exposed to air for a few 
minutes. It readily hydrolyses and its solutions in petroleum ether 
become pink when exposed to the atmosjdiere for a short time, owing to 
the presence of free iodine. 

Triphenylgermanium oxide, ® PhjGc.O.GePhg, is obtained in 
quantitative yield when an alcoholic solution of tri])henylgermanium 
bromide is boiled with silver nitrate, liltered from silver bromide and 
diluted with water. It crystallises from hot petroleum (B.pt. (>0° to 
80° C.) in transj)arent, colourless ])risnis, M.pt. 182° to 183° C. In 
organic solvents it is more soluble than tetraphenylgermane, but less 
so than triphenylgermanium bromide. Aqueous sodium hydroxide (50 
per cent.) does not attack it, but hj^drobromic acid (density 1-45) con¬ 
verts it quantitatively into triphenylgermanium bromide. 

Sodium triphenyl germanide, (CgH 5 ) 3 GeNa.’—Two atoms of 
sodium react with 1 mol. of hexaphenyldigermane in liquid ammonia 
according to tlie equation : 

2Na+[(Cell5)3^ie]2-2NaGe(CeH5)3 

The compound is very soluble in liquid ammonia, solutions changing 
from faint yellow to orange as the concentration increases. Concen¬ 
trated solutions are extremely viscous, and crystals from liquid ammonia 
solutions contain 3 niols. of ammonia of crystallisation, which are 
readily eliminated at low pressures. Sodium triphenyl germanide is 
also very soluble in benzene saturated with ammonia, and fairly soluble 
in ether and pure benzene. Solutions in liquid ammonia are as highly 
ionised as ordinary salts, and benzene solutions in the presence of 
ammonia readily conduct the current. Sodium triphcnyl germanide 

^ Orndorff, Tabern, and Dennis, J. Amer, Chem, Soc,, 1927, 49 , 2512. 

* Morgan and Drew, he. cit. 

^ Kraus and Foster, loc. cit. 

* Orndorff, Tabern, and Dennis, loc, cit. 

® Kraus and Foster, loc. cit. 

* Morgan and Drew, he. cit. 

’ Kraus and Foster, loc. cU. 
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readily oxidises to the germanolate, and with ammonium bromide 
or water, tripheiiylgermane is quantitatively ])roduced. The sodium 
compound with triphenyl germanium fluoride in liquid ammonia gives 
a small yield of hexaphenyldigermane. Bromobenzene reacts with 
an ethereal solution of sodium triphenyl germanide, yielding principally 
germanium tetraphenyl and some hexaphenyldigermane, whilst with 
tin trimethyl bromide, trimethylstannyl-triphenylgermane is the chief 
product. 

Sodium triphenyl germanolate, (Celi5)3GeONa. —This compound 
is the oxidation product of the preceding derivative, the operation being 
carried out in the dry state, or in benzene or liquid ammonia solu¬ 
tions. The product obtained from the latter solvent contains 1 mol. of 
ammonia of crystallisation, and the dry substance does not melt below 
250° C. It is very soluble in benzene and petroleum ether, the com 
pound from this solvent melting at about 100 ° C. The benzene solution 
is orange in colour. 

Triphenylgermane, (Cgll 5 ) 300 X 1 , is quantitatively ])repared by 
treating sodium triphenylgerrnanide in liquid ammonia with ammonium 
bromide or a benzene solution of the same comj)ound with water. Tlie 
ammonia is evaporated and the germane extracted with })etroleum ether, 
the latter being removed under reduced pressure. The product remain¬ 
ing is distilled in a vacuum at 150° C. at 0-01 mm. pressure. The oily 
liquid which distils soon becomes a wdiite solid. Triphenylgermane 
exists in two monotropic forms. The a-forni is the most stable and 
melts at 47° C., the ^-form at 27° C. When the jS-form is maintained at 
30° C., it completely solidifies immediately when seeded with the a- 
form, Triphenylgermane is very soluble in most organic solvents and 
slightly soluble in liquid ammonia. It shows no tendency to decompose 
up to 250° C,; its hot va})ours are irritating and penetrating. On 
long standing in air it shows signs of oxidation. With halogens or 
halogen acids it reacts immediately, forming triphenylgermanium halides. 
Triphenylgermane'and sodium in liquid ammonia react to give sodium 
triphenyl germanide, and coloration of the solution shows the presence 
of disodium diphenyl germa^iide, 

Hexaphenyldigermane,^ [(G6H5)3Ge]2, occurs when triphenyl¬ 
germanium bromide in dry xylene is heated with an excess of sodium. 
The product separates on cooling and is recrystallised from warm benzene. 
It forms large, transparent cubes which crumble to a powder in the air. 
It is insoluble in boiling aqueous sodium hydroxide. In ordinary 
organic solvents it is only slightly soluble, and is practically insoluble 
in liquid ammonia.^ When sus 2 )ended in liquid ammonia and treated 
with sodium it is slowly converted into sodium triphenyl germanide. 
Bromination in boiling carbon tetrachloride gives triphenyl germanium 
bromide. 

Trimethylstannyl-triphenylgermane, (Cll3)3Sn.Ge(C5H5)3.— 
This product is readily obtained by treating a liquid ammonia solution 
of sodium triphenyl germanide with tin trimethylbromide. It is a white, 
crystalline solid, M.pt. 88 ° C,, having an odour characteristic of organic 
tin compounds. It dissolves in most organic solvents and reacts 
quantitatively with bromine to form triphenyl germanium bromide and 
tin trimethyl bromide. 

^ Morgan and Drew, Trans. Chem. Soe., 1925, 127 , 1760. 

* Kraus and Foster, J.' Amet. Chem. Soc., 1927, 49 , 467. 
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Phenylgermanonic acid (Germanibenzoic acid).^—The aqueous 
mother-liquors from hydrolysis of the Griprnard mixture (used in the 
preparation of germanium tetrapheiiyl) j^radually f^ive a eolloidal, white 
precipitate, which is purified by solution in aqueous sodium hydroxide 
and reprecipitation by acid. It is a white, amorphous powder. 

Triphenyl germanol,^ (CeH5)3Ge.()II.— Sodium triphenyi gcr- 
manolate is converted to the ^ermanol by treating its liquid ammonia 
solution with ammonium })romide or, better still, its benzene solution with 
water. It melts at 134*2° C. (corr.) and crystallises from petroleum ether 
in the pure state, but with solvent of crystallisation from benzene. 

Tetra-anhydrotetrakisdiphenyigermanediol and Trianhydro- 
tetrakisdiphenylgermanediol ^ are both isolated when germanium 
tetrabromide interacts with 5 mols. of magnesium phenyl bromide. 
The quantities used are 48*4 grams of bromobenzene (5 mols.), 9*1 
grams of magnesium, and 200 c.c. of ether. The resulting Grignard 
reagent is added to an iee-eold solution of 24*5 grams (1 mol.) of 
germanium tetrabromide in 100 c.c. of ether. The main product from 
the ethereal extra(*t is 9 grams of trij>henylgermanium bromide (37*5 
per t‘ent.). The residual oil, which consists mainly of diphenylgerman- 
iuni dibromide, together with trijdienylgermanium bromide, di])henyl, 
and bromobenzene, is dissolved in 1.50 e.c. of alcohol and heaieci for an 
hour with 20 grams of silver nitrate in 100 c.c. of alcohol and 40 c.c. of 
water. The precipitate is mostly silver bromide. The filtrate is 
evaporated, then steam-distilled to remove diphenyl and o-nitrophenol, 
and the residue extracted with ether, then cold petroleum. There 
remains 5 grams of a colourless substance which contains no bromine. It 
is next dissolved in ethyl acetate several times and fractionally crystal¬ 
lised, when the crystals are hand-picked. Three eom])ounds are 
sei)aratcd in this manner; triphenyl germanium oxide, as thin, rhom- 
boidal or pentagonal plates, M.pt. 182° to 183° C.; tetra-anhydrotetrakis- 
diphenylgermanediol; and trianhydrotetrakisdiphenylgernianediol. 

Tetra-anhydrotetrakisdiphenylgerinanediol, 


O 


^GePhg.O.GePh 

^GePhj.O.GePh 



forms colourless, cubical, and prismatic (?rystals, the latter with bevelled 
and faceted faces. When purified from ])etroleum or ethyl acetate it 
melts at 218° C. 

Trianhydrotetrakisdiphenylgermanediol, . OH.GePhgO.GcPhgO.Ge 
PhgO.GePhgOH., M.pt. 149° C., forms colourless, hexagonal prisms or 
flattened, rhomboidal crystals with bevelled edges.^ Both of these com¬ 
pounds were examined crystallographically by Barker. 

Germanium tetra-p-tolyl, Ge(C 0 ll 4 .Cll 3 ) 4 ,® is prepared by the 
Fittig and the Grignard reactions, but the first gives the better result. 
p-Bromotoluene, 34*2 grams, and 10*7 grams of germanium tetra¬ 
chloride are dissolved in 300 c.c. of dry ether and 4*8 grams of sodium 
are gradually added. The residue is extracted with benzene ami added 


^ Morgan and Drew, Trans, Cherny Soc., 1925, 127 ,1760. 

® Kraus and Foster, loc, cit. 

* Morgan and Drew, he, cit, 

* Morgan and Drew, loc, cU, 

* Tabern, Orndorff, and Dennis, J, Amer, Chem, Sac., 1925, 47 , 2039. 
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to the filtrate. Steam-distillation is followed by removal of the vsolvents, 
and the pasty mass a^{ain dissolved in benzene from whieh it sc])arates 
on evaporation, and addition of ether ^i\'es germanium tetratolyl as 
white crystals. Repeated cr^^stallisation from chloroform and benzene 
yields a j^urc product, M.pt. 224'" C. It is more soluble than the corre¬ 
sponding phenyl compound. 

Germanium tetrabenzyl, Ge(Cgll 5 .CIl 2 ) 4 .^—Nine grams of mag¬ 
nesium turnings suspended in ether are allowed to react with 5 grams 
of benzyl chloride. A mixture of 40 grams of benzyl chloride, 10 grams 
of germanium tetrachloride, and 5 volumes of dry xylene is then added 
dropwise, with mechanical stirring and gentle refluxing. On conclusion 
of the reaction, sunieient xylene is added to form a paste, the ether dis¬ 
tilled off, and the residue after heating on the steam-bath for some hours 
is allowed to stand for two days. After working up in the usual manner, 
and steam-distilling to remove dibenzyl, a nearly quantitative yield of 
germanium tetrabenzyl is obtained. When ])iire it melts at 107" to 108° 
C. and is soluble in alcohol and light })etroleum. When slowly dissolved 
in an excess of 25 per cent, fuming suljdniric acid below 35° C. it 
yields germanium tetrabenzyl teirasulphonie acid. Its normal hariwn salt 
dissolves readily and completely in cold water, but is insoluble in 
acetone, alcohol, and ether. 

Germanium triphenyl p-tolyl, (Ct.ir5)3.Ge.(C6n4.C!Il3), is formed 
when triphenyl germanium bromide is treated with a large excess of 
p-tolyl magnesium bromide in ethereal solution. To com])lete the 
reaction, the ether is replaced by dry benzene and the whole boiled for 
eight hours. The reaction product is decom])oscd by dilute acpjcous 
ammonium chloride and steam-distilled to remove ditolyl. Tlie residue 
is then crystallised from petroleum ether and alcohol or from glacial 
acetic acid. The compound melts at 123° to 124° C. 

Germanium triphenyl anisyl, (C6ll5)3.Ge.(C6ll4.0CIl3), prepared 
in a similar manner to the above, melts at 158° to 159° C. It is soluble 
in alcohol, sparingly soluble in cold glacial acetic acid. 

Germanium dimethylanilino triphenyl, (CIl3)2NCgll4.Ge(C6ll 5)3, 
from triphenyl germanium bromide, ])-hromodimethylaniline, and 
sodium in xylene, forms bimvnish, crystalline nodules, M.pt. 140° to 
141° C. The hydrochloride melts with dceom]X)sition at 105° to 110° C., 
is insoluble in water and hydrochloric acid, but soluble in alcohol. 
When treated with alkali it gives the pure, free base. 

Germanium ethyl triphenyl, C2H5.Ge.(CeIl5)3, melts at 75 ° to 
76° C. 

Aryl Germanic Acid Anhydrides. 

Phenylgermanic acid anhydride, (CeH5Ge0)20. —Equimolecular 
proportions of mercury diphenyl and germanium tetrachloride in dry 
xylene are heated in a sealed 'Pyrex bulb for two days, then diluted 
with dry ether and filtered. The solid residue is pure phenylmercuric 
chloride, and the filtrate is treated with benzene, and finally with water 
containing a few drops of ammonium hydroxide. The granular pre¬ 
cipitate which separates at the liquid interface is removed and dried 
at 115° C. The anhydride is a wliite, fluffy, amorphous solid, with no 
definite melting-point, soluble in excess of alkali, and reprecipitated by 
carbon dioxide, insoluble in water and organic solvents. 

* 1 Orndorff, Tabern, and Dennis, J. Amer. Ghem. Soc.f 1927, 49 , 2512. 
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p-Tolylgermanic acid anhydride is obtained by a similar process 
to tlie above, the reactants bein^ heated at to 100° C., whilst in the 
case of benzylgermanic acid anhydride the hem})erature re(piired is 
115° to 120° C. 

Dimethylaminophenylgermanic acid anhydride, [(CH3)2NCeU4. 
GeOJgO.—Germanium tetrachloride is heated with an excess of dry 
dirncthylaniline in a sealed flask at 100° to 110° C. for two days. The 
anhydride is a pearly white, fluffy powder, soluble in very dilute mineral 
acids and excess of alkali. When kept for some time in an atmosphere 
of dry hydro^ifen chloride it is converted into the hydrochloride of 
dimethylanilino germanium trichloride: 

[(CH3)2NC6H4.Ge0]20+8llCl-2lICl(CH3)2NC6H4.GcCl3+3H20 

The hydrochloride melts with decomposition at about 110° C.; 
ammonium hydroxide preeijntates the anhydride from its aqueous 
solution. 



CHAPTER XIII. 


ORGANOMETALLIC DERIVATIVES OF TIN. 

The first organic compound of tin was prepared by Lbwig in 1852. By 
heating an alloy of 1 part of sodium and 0 parts of tin with ethyl iodide 
he isolated tin diethyl. In the following year Frankland, by the distilla¬ 
tion of this compound, obtained tin tetraethyl. From 1853 onwards the 
number of organic tin derivatives has steadily increased, and in the last 
ten years considerable attention has been paid to mixed alkyl compounds 
of this metal. The type of (compound 114811 (K—alkyl) eomjirises only 
five members, of which most work has been done on the ethyl compound. 
Following upon its preparation by the above method it was found that 
tin amalgam containing 14 per cent, of sodium when heated with ethyl 
iodide would produce tin tetraethyl along with tin triethyl iodide. In 
1855 Frankland published his researches on zinc ethyl, and applied 
this compound to the preparation of tin tetraethyl. The discovery of 
the Grignard reagents has, however, eradicated all these older methods, 
and used in combination with stannic chloride or bromide should be 
capable of producing any tin tetra-alkyl having four like groups attached 
to the tin. When the type 114811 is treated with iodijie, one of the alkyl 
groups is replaced by iodine, and the type RgSuX ])roduccd. This is 
the starting-point for mixed tetra-alkyls of the type R 38 UR', which may 
be formed by treating the iodide with zinc alkyls or magnesium alkyl 
halides. With iodine or bromine at — 40*^ to - 30*^ C, an alkyl group is 
split out from 11381111 ' and R 38 nX again produced. When the group X 
in the latter type of compound is iodine, it may be converted to hydroxyl 
by the action of aqueous alkali. By treatment with suitable acids the 
hydroxyl group may be replaced by acid radicles. When Rj^SnX is 
heated with sodium at 120 ° C, the hexa-alkyldistannanes, RaSn.SnRg, 
are formed, and these when acted ujion by halogens in the cold, or alkyl 
iodides at 200 ° C., revert to RgSnX. Addition of iodine to the types 
R 4 Sn and R 3 SnI gives R 2 Snl 2 , which reacts with zinc alkyls or mag¬ 
nesium phenyl halides to give RgSnRg'. Ammonium or basic hydroxides 
replace the iodine in R 2 Snl 2 by oxygen, and the oxide with hydrogen 
halides yields the corresponding halides. 

A compound c>f considerable interest is tin trimethyl, which is 
obtained from tin trimethyl bromide by the action of sodium, the 
operation being carried out in liquid ammonia. 

In 1883 Meyer isolated the hrst stannonic.acid, R.SnO.OH, which 
gives rise to compounds containing only one alkyl group, RSuKg, when 
treated with acids. The stannonic acids themselves are prepared by 
the interaction of alkyl iodides and stannous chloride in potassium 
hydroxide solution, and are all white, amorphous products. 

^ The reactions of the aromatic compounds of tin are illustrated 
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generally in the scheme below, the phenyl compounds being used as 
examples. The heterocyclic derivatives of tin containing the metal in 
the ring arc fully explained in the section dealing with these compounds. 



Alkyl Derivatives of the Type R^Sn. 

Tin tetramethyl, Sn(CIl 3 ) 4 , is isolated by the fractionation of the 
reaction product formed when 4 parts of tin amalgam (14 per cent. Na) 
and 3 parts of methyl iodide are heated first on the water-bath and then 
at 120^ C.^ It is a Repaid, the physical constants of which have been 
given as follows : B.pt. 70° to 78° C.; density 1-338 at 0° C.. 1-20136 
at 25-5° C. ; n„ 1-51749; iij) 1-52009; n^ 1-53141. The compound is 
insoluble in water, reduces alcoholic silver nitrate solution, with iodine 
yields tin trimethyl iodide, and on warming with stannic iodide gives a 
mixture of tin methyl tri-iodide and tin trimethyl iodide. 

Tin tetraethyP may be prepared: (1) By the distillation of tin 
diethyl. (2) When a tin amalgam containing 14 per cent, of sodium is 
heated with ethyl iodide, tin tetraethyl is formed, along with some tin 
triethyl iodide. (3) By adding anhydrous stannous chloride to zinc 
ethyl, taking care not to use excess of the chloride, and also to keep the 
temperature down during the reaction. The product is distilled from 
an oil-bath, and the distillate poured into water, whereby the tin diethyl 
is destroyed, and the tin tetraethyl obtained as an oil, which is washed, 
dried, and fractionated.^ (4) By the interaction of zinc etliyl iodide 
and powdered tin at 150° to 160° C. Such a high temperature is not 
required if the tin be added to zinc copper couple and ethyl iodide. 

^ Ladonburg, AnmUn SuppL, 1872, 8 , 75; Ghira, QazzaiUi.^ 1894, 24 . i. 322. 

® Prankland, Annakn, 1853, 85 , 340; 1859, ill, 46; Franklaiid and J^awrance, 
Tram, Chem, Soc., 1879, 35 ,130; Ladonburg, A nmkn Supply 1872,8, 64; and (Collie, 

Phil Mag.y 1843, [ 6 ], 22 , 46; JaJireaher,, 1886, p. 1601; Heiffer and Schnurman, Ikr., 
1904, 37 , 320; Buckton, AnmleHy 1859, 109 , 226; Pope and Peachey, Proc, Chem, Soc., 
1903, 19 , 290; Gladstone, Tram. Chem. 80 c., 1891, $ 9 , 293. 

® Frankland and Lawranoe, toe. dl 
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Experiments with zinc-tin alloys and ethyl iodide show that in alloys 
containing from 1 to 50 per cent, of tin, half the latter metal is converted 
to tin tetraethyl. The yield of this compound is almost proportional to 
the mass of tin in the alloy, until it contains one-third of its weight of 
tin, after this the alloy becomes almost inactive, and the time necessary 
to complete the reaction increases considerably.^ (5) From tin diethyl 

di-iodide and zinc* ethyl. (6) By the Grignard reaction, using stannic 
bromide or chloride, yields of 70 and 78 per cent, respectively are 
obtained. The j)reparation is carried out as follows : Twenty grams of 
ethyl bromide and 4-5 grams of magnesium are dissolved in 80 c.c. of 
dry ether, and then 10 grams of stannic bromide or an equivalent weight 
of chloride in light petroleum added, and the whole renuxed for one hour. 
After cooling the mass is decomposed with dilute hydrochloric or acetic 
acid, the eth(*r layer separated off and dried over calcium chloride. It 
should be noted that if this ether layer is dried over potassium carbonate, 
till triethyl carbonate is formed. 

The compound is a mobile, highly refractive licpiid, insoluble in water, 
but soluble in ether. It boils at 175 ^ 180"^ to 181 ^ C. at 758 mm.; ® 

density 1187 at 28° C. ; ni> 1-5148. It is unaltackcd by aluminium, 
sodium, or magnesium u]) to 180^^ C., but slightly by lK*nzaldehyde. 
Likewise acetone and ethyl oxalate have no action, nor the following 
gases at ordinary temperature : ammonia, carbon monoxide, carbon 
dioxide, cyanogen, nitric oxide, oxygen, or hydrogen sulphide. Sul¬ 
phur dioxide is slowly absorbed with the formation of tin triethyl- 
sulphate and tin tri ethyl ethyl sulphonate. When warmed with concen¬ 
trated hydrochloric acid, tin tetraethyl yields ethane and tin triethyl 
chloride; and with thallic chloride, thallium diethyl chloride and tin 
diethyl dichloride.^ Treatment with iodine gives ethyl iodide and tin 
triethyl iodide. 

Tin tetrapropyl ® may be prepared by the interaction of tin tri- 
propyl iodide and zinc dipropyl. It is a liquid, B.pt. 222° to 225° C. at 
760 mm. and 116° C. at 18 mm. ; density 1*179 at 14° C. and 1*1065 at 
20*2° C.; iiHa 1-47126, Hd 1*47448, Hhj 1*48260, Hh; 1-48986, at 20*2°.« 

Tin tetra-isobiityl melts at —18° C. and boils at 148° C. at 16*5 rnm., 
density 1*0540 at 28° C.; nn.. 1*47112, Hd 1*47428, iin^ 1*48206, nny 
1*48868, at 28° C. 

Tin tetra-isoamyl ^ is readily prepared by treating isoamyl iodide 
with tin amalgam, or from magnesium isoamyl cliloride and tin tetra¬ 
chloride.® It is a liquid, easily soluble in alcohol or ether and boiling 
at 188° C. at 24 mm.; density 1-0853 at 19-6° C.; iia 1*46946, no 1-47242, 
n^ 1*47989, n, 1*48607, at 16° C. 


Alkyl Derivatives of the Type RjSiiR'. 

Tin trimethyl ethyl, Sn(CIl3)3(C2HB), was first isolated from tin 
trimetbyl iodide and zinc ethyl,® but later from tin trimethyl iodide and 

^ Letts and Collie, Proc. Ghem. Soc,, 1886, 2 , 166. 

* Pfeiffer and Schnurmann, Per. 1904, 37 , 320. 

® Frankland, Annalen, 1853, 85 , 340; 1869, iii, 46. 

* Goddard and Goddard, Tram. Chem. Soc., 1922, I2i, 256. 

® Cahours, Jahresber., 1873, p. 519. 

* Griittner and Krause, Per., 1917, 50 , 1802. 

Grimm, Annalen, 1854, 92 , 394. 

Krause, Per., 1918, 51 , 1447. » Cahours, Annalen, 1862, X22, 48. 
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ma^^niesium ethyl bromide.^ The compound is soluble in ether, and 
boils at 107° to 108° C. under 758 mm. ; density 1-243. Treatment 
witli iodine yields ethyl iodide and tin trimethyl iodide. 

Tin trimethyl n-propyl is a colourless liquid, boiling at 129° C. at 
764 mm. 

Tin triethyl methyl has been prepared ^ in the same way as the 
trirnethyl compound. It possesses similar properties to the latter 
compound, boils at 1(52° to 103° C., and with iodine splits off the methyl 
group, yielding tin triethyl iodide. 

Tin triethyl n-propyl may be isolated by the action of magnesium 
n-propyl bromide or iodide on tin trimethyl bromide. It boils at 195° C. 
at 704 mm. 

Table XIII. of the Ap])endix gives a list of compounds prepared by 
the following gt iieral method, together with their physical constants.® 
Throe times the ealeulatcd quantity of magnesium alkyl halide is used, 
and afU-r tin* introduelioii of the tin alkyl halides the mixture is boiled 
under rellux for two hours, the ether removed, and the residue baked on 
the water-bath for one hour. After cooling, (dher is added, and the 
wholt* d(*eomposed with water. Mixed tin tetra-alkyls are converted 
into mixed tin Irialkyl bromides of the type HjjH'SnX by the action of 
bromine at K)° to —30° ('., an alkyl group being s])lit out, this 
r(‘scmbling the bromination of lead alkyls. 

Alkyl Derivative of the Type RjjSnR^'. 

Tin dimethyl diethyl, Sn(CH 3 ) 2 {C 2 H 5 ) 2 , may be obtained in a 
variety of ways: ( 1 ) From tin diethyl iodide and zinc methyl.^ ( 2 ) 
From tin dimethyl iodide and zinc ethyl.^ (3) By the interaction of 

magnesium methyl iodide and tin diethyl chloride, bromide, or iodide ; 
or by the action of magnesium ethyl bromide on tin dimethyl chloride, 
bromide, or iodide, the action taking j)lace in ethereal solution.® 

The eom])ound is a colourless liquid, B.pt. 144° to 140° C. ; density 
1-2003 at 0 ° F., or 1-232 at 19° C. It decomposes on distillation, and 
with iodine the methyl groups are split off and tin diethyl iodide is 
formed. 

For further compounds ’ see Table XIV. of A}^pendix. 

Alkyl Derivatives of the Type R^SnR'R". 

Tin dimethyl ethyl propyl, 8 Sn(CH 3 ) 2 (C 2 H 5 ).CH 2 .CH 2 .C H 3 ,isolated 
from the action of magnesium propyl bromide or iodide on tin dimethyl 
ethyl bromide is a liquid, boiling at 153° C. at 702 mm. 

Tin methyl ethyl dipropyl from magnesium propyl bromide and 
tin methyl ethyl bromide is a colourless liquid, B.pt. 183° to 184° C. at 
758 mm. 

Tin ethyl n-propyl di-isoamyl® boils at 141°to 142° C. at 17 mm., 

^ Poj)e and Peachey, Proc, Chem. Soc,, 1903, 19 , 290. 

“ Cahours, he. cit. 

® Griittncr and Krause, Ihr., 1917, 50 , 1802. 

* Frankland, Annnhn, 1859, III, .50. 

® Mt)rguiiow, Annalen^ 1867, 144 , 157. 

* Pope and Peaclioy, he, cit, 

7 Griittner and Krause, he, cit, 

* Pope and Peachey, Zoc. cU, 

“ Griittner and Krause, he, cit. 
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density 10054 at 21*9° C., mu 1-46902, np 1*47214, mift 1-47996, 
1*48652, at 21*9^ C. 

Alkyl Derwatives of the Type R^SnX. 

Tin trimethyl fluoride, Sn(CH 3 ) 3 F.^—This compound, in common 
with the other fluorides of tin, may be prepared either by the addition of 
aqueous hydrofluoric acid to the corresponding? trialkyl hydroxide, or 
by treating alcoholic solutions of other tin trialkyl halides with excess 
of a neutral aqueous solution of potassium fluoride. The compound 
forms colourless prisms, which commence to darken at 360® C. and 
blacken at about 375® C. 

Tin trimethyl chloride ^ may be formed from the hydroxide by 
the action of hydrochloric acid. It has more rc(^cntly been obtained 
from tin trimethyl solutions by the action of calcium chloride in dry air, 
and bv treating tin trimethvl with mercuric chloride in ethereal solution.* 
It is a licpiid having similar pro])crtics to the ethyl compound. It forms 
a compound with 1 mol. of aniline, and with 1 mol. of pyridine, 
the latter melting at 37® By reduction with sodium in liquid 

ammonia it yields sodium trimethyl stonnide, which is a light yellow- 
su})stance readily decomposing above the temperature of liquid ammonia. 
It reacts with tin trimethyl halides to give tin trimethyl. The electrical 
conductivity of tin trimethyl chloride in absolute alcohol at 25® has 
been determined.® 

Tin trimethyl bromide ® is formed when tin tetramethyl is treated 
w'ith bromine.’ It melts at 27® C. and boils at 165® C.; with ammonia it 
gives a stable compound, McjjSnBr.NHg, and with sodium in liquid 
ammonia, tin trimethyl is precipitated. Sunlight acts upon the bromide, 
forming the compound (Me 3 Sn.OII) 2 .Mc 3 SnBr, which may also be pro- 
duced by bringing together the components in benzene solution. In 
alcoholic solution the complex, Me 3 SnOH.Mc 3 SnBr.H 2 O, M.pt. 210 ® to 
211 ® C. with decomposition, is obtained. 

Tin trimethyl iodide is obtained in several ways, namely : ( 1 ) By 
heating 4 parts of tin amalgam (14 per cent. Na) with 3 parts of methyl 
iodide, first on the water-bath, then at 120 ® C.® ( 2 ) From 1 part of tin, 
heated with 2-5 to 3 parts of methyl iodide at 150® to 160® C.^ (3) By 
treating tin tetramethyl wdth iodine. (4) From tin tetra-iodide and 
magnesium methyl iodide, in ethereal solution.^® The compound is a 
liquid, boiling at 170® C. at 760 mm. or 71® C. at 13 mm.; it may be 
solidified when cooled and melts at 3*4® C. Its density at 0 ® C. is 2*1482; 
at 18® C., 2*1096. When dry ammonia is passed into its alcoholic 
solution, needles separate out, Me 3 SnI. 2 NH 3 , which are soluble in cold 
water, but decomposed on l 3 oiling, and sparingly soluble in ether. 

^ Krause, 7icr., 1918, 51 , 1447. 

2 Caliours, Anmlen, 1860, 114 , 354. 

^ Kraus and St'ssions, J. Aimr. Cham, Hoc.,, 1925, 47 , 2361. 

^ Kraus and Greer, J. Am&r. Chem. 80c., 1923, 45 , 3078. 

* Kraus and Callis, J. Anier. Chem. 80c., 1923, 45 , 2629; Kraus apd Greer, ibid.^ 
1923, 45 , 2946. 

* Oahours, loc. cit. 

’’ Kraus and Sessions, loc. cit. 

» liadenburg, Anmlen Suppl., 1872, 8 , 75 ; Ber., 1870, 3 , 358^ 

* Oahours, Annalen, 1860, ZI 4 , 367. 

* Pfeiffer and Heller, Ber., 1904, 37 , 4619. 
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Aniline yields the compound, Me 3 SnI. 2 PhNH 2 , soluble in alcohol or boiling 
water, and which may be distilled without decomposition. Crystalline 
compounds are also obtained with isoamylamine and pyridine, the latter 
melting at - 17^ C. The iodide forms the complexes (Me^Sn.011)2. 
McgSnl and MejjSii.OII.McaSnI.lIjO, M.pt. 221*" C. with decomposition. 
The electrical conductivity of the iodide in various solvents has been 
determined.^ 

Tin trimethyl hydroxide is isolated from the iodide by action of 
potassium hydroxide. It crystallises in prisms and is volatile in steam. 
The aqueous solution is strongly alkaline, and the solubility in alcohol 
is greater than in water. With tin trimethyl halides it forms complexes 
of the type (Me 3 SnOII) 2 .Me 3 SnX, the bromide melting at 113° to 115° C. 
with decomposition ; iodide 143° to 153° C. with decomposition ; also 
the type Me3Sn0ILMe3SnX.H20, the chloride^ M.pt. 90° C. ; bromide^ 
M.pt. 210° to 211° C. with decomposition ; iodide, M.pt. 221° C. with 
decomposition. The electrical conductivity of solutions of the hydroxide 
has been determined by Brcdig.‘^ 

Tin trimethyl sulphate crystallises in brilliant rhombic pyramids, 
for which a : b : c =-0-8872 : 1 : 1 0858.» 

Tin trimethyl sulphide, formed by the addition of sulphur to a 
solution of tin trimethyl in benzene, has M.j)t. 0° C., B.pt. 233-5° to 
235-5° C. at 759 mm., density J-G49 at 25° C. The corres])onding 
formate^ crystallises in prisms of low melting-point, which can be sub¬ 
limed, and arc easily soluble in water or alcohol. The acetate forms 
needles having similar properties to the formate. 

Tin trimethyl ethylate is a liquid boiling at 05" to 00° C., and 
prepared from the iodide and sodium ethylate at 130° C. It is con¬ 
verted to tin tetramethyl on distillation with sodium. 

Tin triethyl salts. —The fluoride ^ crystallises from alcohol or 
acetic acid in large, pure white, glistening prisms, which sublime above 
180° C. and melt at 302° C. (corr.), to a colourless, clear liquid. The 
aqueous solution of the fluoride turns litmus wine-red. 

The chloride is a liquid of extremely pungent odour, B.f)t. 208° to 
210° C. or 94° C. at 13 mm. ; density 1-428 at 8° C. Cooled to 0° C. it 
forms a crystalline mass, easily soluble in methyl or ethyl alcohol and 
ether, sparingly in water.® It forms the following double salts, 2 Et 3 
SnCl.PtCl 4 , dark red needles ; KtgSnCl.PtCl^, yellow oetahedra. 

The bromide occurs as a colourless, pungent liquid, B.pt. 222° to 
224° C. ; density l-QSOJ It has a similar solubility to the bromide. 

The iodide may be prepared in a variety of ways : (1) By heating 
80 grams of ethyl iodide with 100 grams of tin amalgam (14 per cent, 
sodium).® (2) By the action of iodine on tin tetraethyl. (3) By treat¬ 
ing hexa-ethyldistannane with iodine, or heating it with ethyl iodide at 
about 220° C. It melts at —84-5° C.; B.pt. 231° C. (Ladenburg), 235° 
to 238° C. (Cahours), 117° C. at 13 mm.,® density 1 -833 at 22° C. When 

^ Kraus and Callis, loc. cit, 

2 Bredig, Zeitsch .physikal, Chem., 1894, 13 , 303. 

® Hjortdahl, CompU rend,, 1879, 88 , 684 ; Jahreaber,, 1879, p. 773 ; 1880, p. 939. 

^ Cahours, Annalen, 1860, 114 , 378. 

® Krause, J5cr., 1918, 5i» 1447. 

** Cahours, Annalen, 1860, 114 , 364. 

Lowig, Annalen, 1862, 84 , 330. 

* Ladenburg, loc. eit,; LOwig, loc. cit., 308; Cahours, Annalen, 1860, 114 , 246, 361. 

» Grttttner and Krause, Ber., 1917, 50 , 1802. 
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distilled with potassium hydroxide the base is formed. Heated with 
sodium the iodide is converted into hexa-ethyldistannane, and by iodine 
into tin diethyl iodide. The tin triethyl ethylate is formed by treatment 
with sodium ethylate. The following double salts have been prepared : 
Et 3 SnI. 2 NH 3 , needles; Et 3 Snl. 2 C 5 Hi 3 N (isoamylamine) plates. 

The sulphide is a yellow liquid.^ 

The hydroxide is formed from the iodide by the action of aqueous 
caustic alkali. It crystallises from ether in glistening prisms, M.pt. 43° C. 
(Ladenburg), 44° to 45° C.,^ B.pt. 272° C. (Cahours). 

The aqueous solution has an alkaline reaction, and prolonged boiling 
causes the formation of an anhydride. 

The sulphate is dimorphous. The stable form crystallises in hexa¬ 
gonal prisms terminated by pyramids, whose dimensions are very like 
those of potassium and thallium sulj)hates.® 

Tin triethyl sulphate. . . a : aVs : c=*5773 : 1 : -7217. 

Potassium sulphate . . . a : b : c = 5727 : 1 : -7404. 

The labile form crystallises in regular octahedra. The sulphate is 
easily soluble in alcohol, sparingly soluble in water. 

The selenaie forms regular octahedra, soluble in water or alcohol.'* 
The following salts have also been prepared : nitrate, (;rystalline and 
easily soluble ; phosphate, bushy needles, very easily soluble in dilute 
alcohol, sparingly in ether; ^ carbonate. ])risms from ether; cyanide, 
needles, which can be sublimed ; ® cyanate, prisms ; formate, needles, 
subliming when strongly heated, easily soluble in dilute alcohol, sparingly 
in water ; acetate, needles, M.pt. 230° C. ; butyrate, needles ; oxalate, 
prisms (+H 2 O); tartrate, cubes; ditartrate, crystalline (-fHgO); 
ethylate, fuming liquid, B.pt. 190° to 192° C., or 82° C. at 13 mm., density 
1*2634 at 0° C., immediately decomposed by water, giving alcohol and 
tin triethyl hydroxide. 

Tin tripropyl salts are as follows: fluoride, (C 3 H 7 ) 3 SnF, crystallises 
from hot alcohol in prisms, from dilute alcohol in centimetre-long, fine, 
glistening needles. When heated in a scaled tube it melts at 275° C. to 
a clear, colourless liquid ; the chloride has M.pt. —23*5° C., B.pt. 123° C. 
at 13 mm., and may be obtained from the base ; the bromide has M.pt. 
—49° C., B.pt. 138° C. at 13 mm. ; the iodide has M.pt. —53° C., B.pt. 
260° to 262° C., or 141° C. at 13 mm., density 1*692 at 16° C.’ and is formed 
in the usual way from n-propyl iodide and tin amalgam. With potassium 
or ammonium hydroxide it yields the hydroxide, which crystallises in 
prisms. It is volatile and only sparingly soluble in water. 

Tin tri-isopropyl salts : the iodide,^ is obtained by the action of tin 
amalgam (10 per cent, sodium) on isopropyl iodide. It is a liquid, B.pt. 
256° to 258° C. With potassium hydroxide it forms the base. 

Tin tri-isobutyl salts are as follows: fluoride, prisms melting at 

^ Kulmiz, Jahresber,, 1860, p. 377 . 

* Ladenburg, Anmlen Suppl., 1872, 8 , 76; Ber., 1870, 3 , 358; Cahours, Anndlen, 
1860,114,246.361. 

® Hjortdahl, Compt. rend., 1879, 88 , 684. 

^ Hjortdahl, Jahresber., 1880, p. 939. * Kulmiz, he. cU. 

® Cahours, Annalen, 1862, 122 , 60. 

’ Cahours, Compt. rend., 1873, 76 , 137; Jahresber., 1873, p. 619. 

* Cahours, Compt. rend., 1879, 88 , 726 ; Cahours and I>einar 9 ay, ibid., 1879, 88 , 
i^lll2. 
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244^ C. (corr.); iodide, B.pt. 284® to 286® C., or 151® C. at 13 mm., 
density 1*540 at 15® C.; ^ hydroxide, B.pt. 311° to 314® C,^ 

The following tin tri-isoamyl salts have been isolated ; fluoride, 
fine needles, M.pt. 288® C. (corr.); chloride, M.pt. 30*2® C., B.pt. 174® C. 
at 13 mm. ; bromide, M.pt. 21® C., B.pt. 177® C. at 13 mm. ; iodide, M.pt. 
—22® C., B.pt. 302® to 305® C., or 182® C. at 13 mm.; hydroxide, B.pt. 
(without deeomposition) 335® to 338® C. 


Alkyl Derivatives of the Tyjyes Rgll'SnX; llR'SuXg; RiRaRaSnX. 

The preparation of the first type of compounds, tlie tin trialkyl 
bromides, has already been given under type RgSnR' (p. 303).® The 
chlorides are formed from the corresponding bromides by dissolving the 
latter in 5 parts of ether and shaking the solution with half its volume 
of 33 per cent, alkali. This produces the hydroxide, dilute hydrochloric 
acid giving the chloride. For list of com})ounds of type RgR'SnX, see 
Table XV. of Appendix. 

Tin ethyl propyl dichloride This compound is obtained from 
till ethyl })ro]^yl dibenzyl by the action of concentrated sulphuric and 
chlorosul])honie acid. The aqueous solution of the sulplionation 
product is treated with ammonium hydroxide, the precipitate filtered 
off, dissolved iti hydrochloric acid, and the acid solutioi\ extracted with 
ether. Removal of the solvent yields the dichloridc in needles, M.pt. 
57® to 58® C., which luivc an unpleasant odour, and are readily soluV>lc in 
alcohol, water, or ether, sparingly in light ])etroleum. 

Tin methyl ethyl n-propyl iodide.^—The compound is obtained 
by the following scries of reactions :— 

1. 2Me3SnI +ZnEt2™2Me3SnEt+Znl2 

2. McgSiiEt +I 2 —McgEtSnl +MeI 

3. 2 Mc 2 EtSnl +ZnPr 2 -‘iMe^EtPrSn +Znl 2 

4. McgEtPrSn +I 2 —MeEtPrSnl +MeI 

The final product is externally compensated tin methyl ethyl n- 
propyl iodide, 



a faint yellow oil, B.pt. 270® C., practically insoluble in w^ater. When 
shaken in molecular jiroportions with an aqueous solution of silver 
dextro-camj)horsulphonatc, tin methyl ethyl n-propyl dextro'camphor- 
sulphonaie is deposited. It crystallises from water in lustrous, square 
plates, M.pt. 125® to 126° C, In dilute aqueous solution it has a mole¬ 
cular rotation [MJd +95®, so that for the monobasic radicle Me.Et.Pr. 
Sn— [M]i) is alx>ut 45°. From the mother-liquors of this salt, no salt 
of the laevo base can be obtained. No better results have been obtained 
using silver dextro-bromocamphorsulphonate. The hromocamphor- 

^ Cahours and I>emar 9 ay, Compt. rend,, 1879, 88 , 1112; Cahours, ibid., 1873, 77 , 
1404; Jahresber., 1873, p. 520. 

* Cahours and Demar 9 ay, Com^k, rend,, 1879, 89 , 70. 

* Griittner and Krause, Ber., 1917, 50 , 1802. 

* Smith and Kipping, Trans. €hem, 80 c., 1912, lOi, 2663. 

* Pope and Peachey, Proc. Ohem, 80c., 1912, 28 , 42, 116 
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sulphonate crystallises from acetone in colourless plates, M.pt. 194® to 
197® C., which in dilute aqueous solution have the molecular rotation 
[M]i> 4 318°. yVllowing the value [M]d +270° for the bromocamphor- 
sulphonic acid radicle, this ^ives [M]r> .+48° for the basic radicle, 
which compares favourably with the previous value. 


Alkyl Derivatives of the Type RgJ^nXa. 

Tin dimethyl salts. — Difluoride^ - A solution of 40-3 ^rams of tin 
dimethyl di-iodide in 50 c.c. of warm alcohol is treated with a neutral 
solution of 11*6 ^rams of potassium fluoride in 25 c.c. of water, when 
snow-wliitc plates separate out. The fluoride decomposes above 360° C. 

The dichloride is obtained by treating the oxide with an excess of 
liydrochloric acid. It crystallises in rhombic ])risms, M.pt. 90° C., 
B.pt. 188° to 190° (!., soluble in ether or water, very soluble in alcohol.^ 
Measurements of the proportions between the axes gives a:b:c = 
0*8341 : 1 : 0*9407.^ With platinic chloride, Me2SnCl2.PtCl4,7H20, red 
rhomboids are produced. 

The dihrornide crystallises in ])iates from alcohol, M.pt. 74° C.,^ B.i)t. 
208° to 210 ° C. 

Di-iodide. - T\\\Un\ is lieated with 2*5-3 }>arls of methyl iodide at 150° 
to 160° C. It forms yellow crystals from alcohol-ether solution, M.pt. 
30° C., B.pt. 228° C., 33° C. at 13 mm., density 2*872 at 22° C. It is 
readily solul)le in alcohols, ether, or acetone. Its acpjcous solution when 
treated with ammonium hydroxide yields the oxide. 

Oxide - This may be isolated in two ways: (1) It is formed as a by- 
})roduct, when an alcoholic solution of methyl iodide is shaken for one to 
two days with alkaline stannous chloride, for details see corresponding 
ethyl compound.® Yield 25 per cent. (2) Heating methyl stannonic 

acid with concentrated alkali hydroxides.® It is an amorphous powder, 
insoluble in water, alcohol, or ether, and aqueous alkali. With acids it 
yields the corresponding salts. 

Sulphate, —Its crystals consist of rhomboidal prisms, inclined at 
74° 50' with the bfisc and the positive hemiorthodonie, the vertical axis 
making an angle of 83° 75' with the inclined axis, which is the longest. 
It is not isomorjihous with lead and barium sulphates, although the 
lengths of its axes are sensibly the samc."^ 

Me2SnS04 .... 1*3213 ; 1 : 1*6630 

BaS04 .... 1*3127 : 1 : J(l*6352) 

PbS04 .... 1*2915 : 1 : |(1*5728) 

It is easily soluble in water, but not readily in boiling alcohol. 

Difomiate, —This is deposited in prisms from alcohol, which partially 
sublime without decomposition. Its crystals resemble those from 
calcium, barium, and lead formates. 

^ Krause, Rer,, 1918, $1, 1447. 

* Cahours, Annalen, 1860, 114 , 374. 

* Hjortdahl, Jahresher., 1880, p. 390. 

* Pfeiffer and Lehnardt, J5er., 1903, 36 , 3027. 

* Pfeiffer and Lehnardt, ibid. 

* Pope and Peachey, Proc. Roy, Soc., 1903, 72 , 7. 

** ^ Hjortdahl, loc, cit. 
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Tin dimethyl diformate 
Calcium formate . 
Barium formate . 

Lead formate 


a:b:c==-7287: 1 : -4784 
„ -=:-7599 : 1 : -4671 

„ -- : 1 : 2(*43iy) 

„ =—7417 ; 1 ; 2(*4219) 


A diacetate y dibutyrate y divalerate y and dicaprylate have been prepared, 
also double salts of above compounds with pyridine and quinoline.® 

Tin diethyl salts.— Difluoride, This crystallises in tufts of needles, 
or rhombic plates, M.pt. 287° to 290° C., previously sintering at 240° C. 
It forms a double salt, Et 2 SnF 2 . 2 KF, which crystallises in stout leaflets. 

Dichloride, —( 1 ) Prepared by treating the oxide with aqueous chloride 
solutions, or adding ammonium hydroxide to a hot alcoholic solution 
of the dichloride—these preparations giving the double salt, Et 2 SnCl 2 . 
EtgSnO.^ ( 2 ) By adding hydrochloric acid to the oxide. 

The anhydrous compound melts at 84° C., when hydrated at 74° C., 
B.pt. 220 ° C,y and when freshly prepared it is soluble in alkalies. It 
forms the following double salts: Et 2 SnCl 2 . 2 NH 3 , an amorphous, white 
powder, decomposed by water; Et 2 SnCl 2 .PtCl 4 . 7 H 2 O, tetragonal 
bipyramids. 

Dibromide, —Occurs as white needles from alcohol, M.pt. 63° C.,^ 
B.pt. 232° to 233° C. or 74° C. at 13 mm., easily soluble in water, alcohol, 
or ether. 

Di-iodide,—{\) Obtained by the action of sunlight on a mixture of tin 
and ethyl iodide or by heating the mixture at 180° C.® ( 2 ) By heating 

together tin amalgam and ethyl iodide. (3) From tin tetraethyl and 
4 atoms of iodine.® (4) From tin triethyl iodide and iodine, (5) From 
tin diethyl and iodine.’ It crystallises from akjohol in needles, M.pt. 44° 
to 45° C.,® B.pt. 245° to 246° ('., readily soluble in ether or liot water, 
sparingly in cold wat er. It forms the following double compounds :— 

Et2Snl2.2Nll3 ; Et2Snl2.3Et2SnO ; EtgSnIa.EtaSnO 

The following salts are also known : sulphatCy crystallises in plates, 
soluble in alcohol or water ; dinitratCy crystallises in prisms and forms a 
double salt with the oxide, Et 2 Sn(N 03 ) 2 .Et 2 Sn 0 .H 20 ; phosphatCy 
needles; diformaUy prisms, easily soluble in water, sparingly in alcohol; 
diacetate, prisms or plates from alcohol, sparingly soluble in water, readily 
in organic solvents; white powder; di-todide-dicyanide, Et 2 Snl 2 . 

Et 2 Sn(CN) 2 , a crystalline powder formed from the iodide by the action 
of silver cyanide; dithiocyanate, crystals from alcohol, readily soluble in 
ether. 

Oxide, —( 1 ) Obtained by treating the iodide with ammonium liydrox- 
ide. ( 2 ) Potassium hydroxide, 23 grams in 150 c.c. of water, is mixed and 
shaken with 15 grams of stannous chloride in 50 c.c. of water. The black 
precipitate is filtered off and 10 grams of ethyl iodide added and a fair 
bulk of alcohol. After six to eight hours’ heating on the water-bath, 
most of the alcohol is distilled off and carbon dioxide passed into the warm 


^ Hjortdahl, Jahreeber,, 1879, p. 772. 

* Pfeiffer, Annalen, 1910, 376 , 310. 

® Strecker, Anttalen, 1862, 123 , 368. 

^ Werner, Zeit, anorg. Chem,, 1898, 17 , 90. 

* Erankland, Annalen, 1853, 85 , 332; Cahours, ibid,, 1800, 114 , 354. 
« Ladenburg, Ber., 1871, 4 , 20. 

^ L5wig, Annalen, 1852, 84 , 321. 

« Pfeiffer, Ber,, 1902, 35 , 3303. 
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solution. Three ^^rams of a white, powdery precipitate are obtained, 
which consists })rincipally of the required oxide. It is an amorphous 
powder, insoluble in water, alcohol, or etlier, but dissolvinj,^ readily in 
acids or alkalies. Hydrogen halides convert it to the corresponding 
halogen compounds. ^ 

Tin dipropyl salts. — Nortnal Propyl Compounds: Difluoride. —This 
crystallises from methyl alcohol on concentration in rosette-like groups 
of plates, sintering at 200° C. and melting at 204° to 205° C. 

Dichloride. —The di-iodide is dissolved in potassium hydroxide and the 
solution acidified with hydrochloric acid. It forms magnificent colour¬ 
less, rhombic crystals, M.pt. 80° to 81° C., consisting of very acute 
pyramids, with very perfect cleavage parallel to the liase, resembling 
the eleavable pyramids of mercuric bromide. 

Tin di-n-propyl dichloride . a : b : e=-C943 : 1 : J(1-0047) 
Mercuric chloride . . „ ==:-7254 : 1 : 1-0648 

Mercuric bromide . . „ =*6817:1:1-0183 2 

The di’iodidf^ is obtained by heating tin foil with propyl iodide.^ It 
boils at 270° to 273° C., but is decomposed on distillation, yielding 
stannous iodide, and a gas is evolved. 

Oxide. —When the preceding compound is treated with potassium 
or ammonium hydroxides, the oxide se})arates as a white, amorphous 
substance. It is insoluble in alcohol, ether, or water. Halogen acids 
convert it to the corresponding salts. 

The following salts are known, most of which appear to have good 
crystalline structures: dinifrate, sulphate^ diformate, diacetate, oxalate, 
and tartrate. 

Isopropyl Compounds. ~-T\iq dichloride, melting at 56-5° to 57-5° C., 
insoluble in water, soluble in alcohol or ether, and the di-iodide, Ii.pt. 
265° to 268° C., are prepared by the usual methods. Oxide, prepared 
from the trichloride in the usual manner, is an infusible powder. With 
hot concentrated hydrochloric acid it yields tin di-isoproj^yl dichloride, 
transparent crystals from benzene, M.pt. 80° to 84° C., soluble in water, 
alcohol, hot benzene, or hot glacial acetic acid. With pyridine hydro¬ 
chloride it gives (C3H7)2SnCl2.2C5ll5N.2HCl. Tin di-isopropyl di- 
bromide forms pale yellow, hygroscopic crystals, melting about 54° C. 
It also forms a complex with pyridine hydrobromide. A diformate, 
diacetate, and oxalate are also known. 

Tin di-isobutyl salts. —The dichloride is a colourless, mobile, heavy 
liquid, B.pt. 260° to 262° C., solidifying at 5° to 6° C. to a mass of silky 
needles resembling asbestos, whilst the di-iodide occurs as a colourless 
liquid, B.pt. 290° to 295° C., obtained by heating tin foil and isobutyl 
iodide to 120° or 125° C. in a sealed tube for several hours. With 
l^otassium or ammonium hydroxide it yields a white, amorphous pre¬ 
cipitate of the oxide, which gives crystalline salts with acids. 

Tin^di-isoamyl salts. — The following have been isolated: dichloride, 
M.pt. 4° to 5 ° C. ; white, insoluble powder; amorphous 

powder.^ 

^ Pfeiffer, Ber, 1902, 35 , 3303. 

* Hjortdalil, Jahreaber., 1879, p. 772. 

* Cahours and Demar 9 ay, Gotnpt. rend., 1879, 89 , 70. 

* Qrimm, Annalen, 1854, 92 , 384, 390; Cahours and Demar^ay, Compt. rend., 1879, 

59, 68. 
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The following ammonia and amine compounds of tin dialkyl halides 
have recently been described ^: tin dimethyl dichloride dianiline, MegSn 
C 4 . 2 PhNH 2 ; the diquinoline salt forms white crystals, M.pt. 40° to 60° C., 
unstable in moist air, the dibromide melting at 80° to 115° C. Tin diethyl 
dichloride and dibromide both form dianiline, and the latter a monoaniline 
compound. Tin dipropyl dibromide yields a dianiline derivative. 

All the ammonia compounds are of the type R 2 SnX 2 . 4 NH 3 , except 
the tin diethyl dichloride compound, which only contains 3 NH 3 . 

A collection of physical data of various tin alkyls is shown in Table 
XVI. of the Appendix.^ 

Alkyl Derivatives of the Types R.SnO.OH; 1180 X 3 . 

Methyl stannonic acid.^ —Preparation : Twenty grams of stan¬ 
nous chloride in 50 c.c. of water are added with stirring to 100 c.c. of 
20 per cent, potassium hydroxide, and the mixture treated with 14 
grams of methyl iodide in 100 c.c. of alcohol. The whole is allowed to 
stand for three days and should be frequently shaken. The alcohol is 
removed at 40° C., and hydrochloric acid added until the solution is acid 
and the wdiite, gelatinous precipitate begins to redissolve. The latter is 
filtered, washed free from chloride by cold water, and dried in vacuo over 
sulphuric acid. Yield 13*5 grams. The reaetion takes place according 
to the equation : 

KHSn 02 +MeI -Me.SnO.OH H-KI 

It may also be obtained from tin methyl tri-iodidc by evaj^oratioii with 
an acjucous solution containing 3 mols. of sodium hydroxide. 

The acid is a whit(^ amorphous, infusible solid which decomposes at 
a red heat, leaving stannic oxide. Heated with ammonium nitrate, it 
yields carbon dioxide, water, and stannic oxide ; heated in the absence 
of air, methane is produced. It is insoluble in water and the usual 
organic solvents, but readily dissolves in cold solutions of alkali and 
ammonium hydroxides, or in lime water. It also dissolves in mineral, 
acetic, and tartaric acids. When ammonium hydroxide is added to the 
dilute acetic acid solution of the acid, no precipitate is formed until the 
solution is boiled. This indicates the existence of an ortho acid, 
MeSn(OH) 3 , which decomposes on heating to form the stannonic acid. 
When the acid is boiled with dilute potassium hydroxide a clear solution 
is never obtained, and if the alkali be concentrated, methane, tin tri¬ 
methyl hydroxide, and tin dimethyl oxide are formed. Heating with 
solid potassium hydroxide and a very small quantity of water yields 
methane and a considerable amount of tin tetramethyl. With con¬ 
centrated hydriodic acid, the acid yields the iodide, this method being 
general for the production of the halides. The complex, (MeNHPh)^. 
HgMeSnCls, is prepared by evaporating a solution of the acid and di- 
methylaniline in dilute hydrochloric acid to the crystallising point. It 
forms small, white granules, M.pt. 194° C., the aqueous solution having an 
acid reaction. With aniline a similar complex is formed, which crystal¬ 
lises in short prisms, M.pt. 214° C., the clear aqueous solution being 

^ Pfeiffer, Zeit. amyrg, Chem., 1924, 133 , 91. 

* Griittner and Krause, Ber., 1917, 50 , 1802. 

* Meyer, Ber., 1883, 16 , 1442 ; Pfeiffer and Lchnardt, ibid., 1903, 36 , 1054; Pope and 
Peachey, Proc, Boy, Soc., 1903, 72 , 7 ; Druoe, Ckem. News, 1920, 120 , 229. 
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acid to litmus and unchan^red on boiliniy. The pyridine complex 
crystallises in pale yellow plates, M.])t. 300^^ C. 

Tin methyl trichloride, MeSnCJ^, is prepared by treating the acid 
with concentrated hydrocliloric acid, phosphorus trichloride, or hydrogen 
chloride at 100'' C. There seems to be a wide difference of opinion 
regarding the melting-point of the compound : Druce ^ obtained 
crystals from hydrochloric acid solution, M.pt. 40° C. ; Pope and 
Peachey^ from light petroleum, long prisms, M.pt. 105° to 107° C.. 
distilling without decomposition at 179° to 180° C.; Pfeiffer and Leh- 
nardt,® crystals from ligroin, M.pt. 53° C. It fumes in air and dissolves 
in water to a clear solution, and is soluble in the usual organic solvents. 
With aniline it forms the above complex, M.pt. 214° C. 

Tin methyl tribromide crystallises in needles or prisms, M.pt. 
50° to 55° C. It fumes slightly in air and has a similar solubility to the 
chloride. 

Tin methyl tri-iodide.—Preparation : (1) Methyl stannonic acid 
is treated with colourless hydriodic acid.* (2) Tin tetramethyl (2 parts) 
and stannic iodide (7 parts) are heated on the water-bath, then allowed to 
stand for a few' hours.® (3) Methyl iodide and stannous iodide are heated 
at 160° C. for four hours.® (4) To the solution of 19 grams of methyl 
iodide and 2-8 grams of magnesium in dry ether, 20 grams of stannic 
iodide are added in small portions, and the whole boiled for two hours. 
The mass is decomposed by acidified water and the ether layer separated 
off and dried. 3-9 grams of oil are obtained betw^ecn 155° and 180° C., 
from which 2 grams are isolated between 100° and 170° CX Kedistillation 
gives 1*3 grains of pure iodide, R.pt. 170° C. 

The melting-point given by the various investigators varies between 
82° and 85° C. The compound crystallises in needles or prisms, very 
readily soluble in alcohols, ether, ligroin, or chloroform or benzene. Its 
aqueous solution has a strong acid reaction, nitric acid precipitating 
iodine. Hot alkali precipitates methyl stannonic acid. Treatment 
with hydrogen sulphide converts the iodide to the corresponding sul¬ 
phide, which is soluble in ammonium sulphide, but insoluble in tlie 
usual organic solvents. 

Basic tin methyl sulphate, MeSii( 0 H)S 04 .xIl 20 , is obtained as a 
white pow^der wdicii methyl stannonic acid is warmed with 50 per cent, 
sulphuric acid. It slowly dissolves in water, leaving a glassy mass, but 
cannot be precipitated from its aqueous solution by alcohol.^ 

Ethyl stannonic acid,®—Prepared in a similar manner to the 
methyl compound, it forms a white, amorjihous, gelatinous substance 
which becomes yellowish-browni and transparent on drying. It is in¬ 
soluble in water and the common organic solvents, but dissolves in dilute 
mineral acids. When freshly prepared it is soluble in alkali hydroxides, 
but becomes insoluble after keeping. When strongly heated in the 
absence of air it yields ethane and ethyl alcohol. The following salts 
have been prepared: sodium, potassium, magnesium, barium, and 

’ Druce, Chem, News, 1920, 120 , 229. 

® Pope and Peachey, Proc, Boy, Soe., 1903, 72 , 7. 

® Pfeiffer and Lelinardt, Ber,, 1903, 36 , 1064. 

* Pfeiffer and Lehnardt, loc, cU,; Pope and Peachey, loc, cit, 

* Pope and Peachey, Chem, News, 1903, 87 , 263, 

® Pfeiffer and Heller, Ber., 1904, 37 , 4618. 

® Pfeiffer and Lehnardt, loc, cit, 

» * Druce, Trans. Chem. Boc,, 1921, XI 9 , 760. 
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copper ; also basic salts of silvery zincy mercury y cohalty nickel, manganese, 
and strontium. Solution of the acid in concentrated hydrochloric acid 
gives a stannic acid, IlaSnEtClg, which forms colourless prisms, decom¬ 
posed by water, and yields a potassium and aniline salt. Tin diethyl 
oxide is formed by boiling the acid with 10 per cent, sodium hydroxide. 

Tin ethyl tribromide occurs as colourless, feathery crystals, 
which become brown on heating, but do not melt at 810° C. It is soluble 
in water, but the solution soon becomes turbid, owing to the formation 
of ethyl stannonic acid. 

Propyl stannonic acid ^ is obtained by shaking ethyl bromide with 
an alkaline solution of potassium hydrogen stannite in the presence of 
alcohol for fourteen days. It is a white powder which yields pro])anc, 
propyl alcohol, propylene, water, and tin oxides when heated in the 
absence of air. The acid forms sodiwn, potassium, and basic calcium 
and barium salts. Tin propyl tribromide and trichloride are prepared 
from it in the usual manner, and boiling with 10 per cent, alkali con¬ 
verts them to the dipropyl oxide. 

Isopropyl stannonic acid ^ is a white, amorphous substance, 
giving isopropyl alcohol, propylene, and a trace of propane when heated 
in the absence of air. It is insoluble in water or organic solvents, but 
dissolves in dilute mineral acids and alkalies. The sodium and jwtas- 
sium salts have been obtained, and the oxide is formed in the usual way. 

Tin isopropyl tribromide forms deliquescent, pale yellow, pris¬ 
matic tablets, melting about 112° C. Its aqueous solution is strongly 
acid. With pyridine hydrobroniide it forms the complex, C 3 H 7 .SnBr 3 . 
2 C 5 ll 5 N. 2 HBr, which is unchanged at 300° C. 

Tin isopropyl trichloride. This compound has not been isolated 
in the free state, but only as a complex compound with })yridine hydro¬ 
chloride, analogous to the one from the above bromide. 


Alkyl Derivatives of the Types R 2 Sn and RgSn. 

Free tin dimethyl,® (MegSn)^;.—This has been prepared in two 
ways: (1) A liquid ammonia solution of tin dimethyl dibromide is 
treated with two atoms of sodium, thus removing the halogen. (2) An 
ammonia solution of disodium dimethyl stannane is treated with one 
molecular equivalent of tin dimethyl dibromide. In both cases the 
group McgSii is precipitated as a yellow solid, insoluble in organic or 
inorganic solvents and readily oxidising. The substance from prepara¬ 
tion (2) is very sensitive to oxygen, even exploding at low pressures. 

Tin diethyl^ has been prepared in a variety of ways: ( 1 ) By the 
action of ethyl iodide on an amalgam containing 1 part of sodium to 
6 parts of tin. (2) By reduction of tin diethyl chloride by zinc. (3) The 
following preparation is due to Pfeiffer:® One gram of tin diethyl 
chloride and 20 grams of 4 per cent, sodium amalgam in ethereal solu¬ 
tion are heated for a day on the water-bath in an atmosphere of hydrogen. 
The product is quickly filtered and dried in a vacuum desiccator. 

^ Druoe, Chem. News, 1923, 127 , 306. 

* Dnice, Tram. Chem. Soc., 1922, 121 , 1869. 

* Kraus and Greer, J. Amer. Ghkm. Soc., 1926, 47 , 2568. 

* Lowig, Annalen, 1862, 84 , 309, 313; Frankland, Annakn, 1853, 8 $, 338; Buckton, 
Annalen, 1^9, Ii2, 220. 

» Heiffer, Ber., 1911, 44 . 1269. 
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Pfeiffer claims that tin diethyl may also be prepared by the interaction 
of ethyl bromide, sodi\im amalgam, and stannous chloride in an atmo¬ 
sphere of hydrogen. Tin diethyl is obtained as an oil, which ^ives a 
clear solution in benzene, ether, or %roin. When distilled at 25 mm. it 
forms metallic tin and a brown mass. It instantly reduces silver nitrate 
to metallic silver. Air oxidises it to tin diethyl oxide, and halogens add 
on directly forming the corresponding dihalides. Ethyl iodide yields 
tin triethyl iodide. The density of tin diethyl is 1 -558 at 1 5° C. 

Tin trimethyl.^ —Tin trirnethyl bromide is dissolved in liquid 
ammonia and treated with sodium, when the tin trimethyl is precipitated. 
It melts at 23° C., and boils at 85° to 88° C. at 45 mm. or 182° C. at 
756 mm., and has a density of 1*570 at 25° C. With sodium in liquid 
ammonia it yields sodium trimethyl stannide. It is oxidised in air to 
an insoluble product, and combines with sulphur in benzene solution to 
form tin trimethyl sulphide. With halogens, tin trirnethyl forms the 
corresponding halides, the chloride being also formed by the action of 
calcium or mercuric chloride on ethereal solutions of the comj)ound. 
Tin trirnethyl halides react with sodium trirnethyl stannide to form tin 
trirnethyl. The latter, with p-dichlorobenzene and a little ether in liquid 
ammonia, gives CeH 4 (SnMe 3 ) 2 , M.pt. 123° to 124° C., the benzene solu¬ 
tion of which gives tin trirnethyl iodide and ]>-di-iodobenzeiie when 
treated with iodine, whilst sym-dichloroethane forms tin trirnethyl and 
sodium chloride. Tin triethyl iodide gives SnMe.j.SnEt 3 , B.pt. 235° 
at 748 mm. Its density at 20° C. is 1*431. 


Alkyl Derivatives of the Type R^Sn.SnRa. 

Hexaethyl-distannane. -This compound until 1917 was the only 
one of its type, and was prepared in tlic following manner: (1) Tin 
triethyl iodide heated with sodium.^ (2) By heating ethyl iodide with 20 
per cent, tin amalgam.^ Molecular weight determinations were carried 
out by Ladenburg and Riigheimer.^ It has more recently been pre¬ 
pared ^ by heating 5 grams of sodium powder, 59*2 grams of tin triethyl 
bromide, and 50 c.c. of dry ether in a sealed tube at about 120° C., 
with shaking, for ten hours. Yield 90 per cent. The formation of 
tin tetraethyl and other by-products was not noticed. The compound 
is a fuming liquid, B.pt. 265° to 270° C.; 146° to 148° C. at 14 mm.; 155° 
to 157° C. at 19 mm.; density 1*4115 at 0° C. It is insoluble in water 
and dilute alcohol, and when added to alcoholic silver nitrate, silver is 
precipitated. Stannic chloride yields tin triethyl chloride, and chlorine 
tin diethyl chloride. Tin triethyl iodide may be obtained from it, either 
by the action of iodine or by heating with ethyl iodide at about 220° C. 
More recently ^ hexamethyl-distannane has been obtained in 84 per 
cent, yield by the interaction of tin trirnethyl bromide and metallic 
sodium in liquid ammonia. By a similar process trimethyltriethyl- 
distannane is obtained as a liquid at ordinary temperatures. The 
following compounds have been prepared in a similar manner, the 

^ Kraus and Sessions, J. Afner. Chem. 8oc., 1926, 47 , 2361. 

* Ladenburg, AnmUn SuppL, 1872, 8 , 66 . 

» Cahours, Annalen, 1860, 114 , 261, 266. 

* Ladenburg and Riigheimer, Annalen, 1909, 364 , 61. 

® Grtittner, Rer., 1917, 50 , 1 ^ 8 . 

* Kraus and Bullard, J. Amer, Chem, Soc,, 1926, 48 , 2132. 
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yields being as shown: hexa-n-propyl-distannane (88 per cent.), 
hexa-isobutyl-distannane (93 per cent.), sym. tetraethyl-di-n- 
propyl-distannane (88 per cent.), sym. tetraethyl-di-isobutyl- 
distannane (92 per cent.). 

The general properties of the compounds may be expressed in the 
following manner; The hexa-alkyl distannanes are colourless, strongly 
refracting, and colour-dispersing liquids, only the isobutyl compound 
(M.pt. 43-8° C.) is solid at the ordinary temperature. They have a 
penetrating and unpleasant smell, differing distinctly from the tin 
trialkyl halides. In absolute alcohol they are very slightly soluble, as 
are the tin tetra-alkyls, but are miscible with organic solvents. In spite 
of their high boiling-})oints, they are volatile unchanged under reduced 
j)ressure, and on the whole at high tern])eratures they arc just as stable 
as the tin tetra-alkyls, but in contact with the air they are slowly oxi¬ 
dised to tin trialkyl oxides, in contrast to the tin tetra-alkyls. Treated 
with halogens in the cold they yield tin trialkyl halides, and also with 
mercuric chloride or bromide, the latter compounds being reduced to the 
metal. Anhydrous bismuth bromide splits off an alkyl group. Heated 
with methyl iodide at I80‘^ C., the stannanes are converted into 1 mol. 
of tin trialkyl methyl and 1 mol. of tin trialkyl iodide. The grouping 
; Sn.Sn: , besides accounting for the strong optical properties of the 
com])ounds, no doubt increases their stability at high temperatures 
and decreases their stability towards oxidising agents. 

Some })hysical constants of the compounds are shown in Table XVII. 
of the Appendix. 

Disodium tetramethyl-distannane, NaSnMe 2 .SnMe 5 iNa.^—When 
metallic sodium is added to tin dimethyl dibromide in liquid ammonia, 
immediate reaction o<?eurs. If one atom of sodium is added for each 
atom of bromine in the compound the following reaction takes place:— 

Me 2 SnBr 2 d- 2 Na~Me 2 Sn +2NaBr 

The tin dimethyl, which is polymerised, appears as a yellow precipitate. 
If, however, the addition of sodium is continued, the following change 
occurs;— 

2Me2vSn4-2Na~NaSnMe2.SnMe2Na 

The latter compound gives a red solution in liquid ammonia, and with 
methyl iodide decomposition occurs in the following manner; -- 

NaMe2Sn.SnMe2Na+2MeI—MeoSn.SnMe3-f-2NaI 

Disodium dimethyl-stannane, Na^SnMcg.—^The above compound 
in liquid ammonia with metallic sodium decomposes according to the 
equation : 

NaMe2Sn.SnMc2Na+2Na~2Na2SnMe2 

This disodium salt gives an intensely red solution in liquid ammonia, 
which is opaque at high concentrations. With methyl iodide it gives tin 
tetramethyl, 

NagSnMCa +2MeI =SnMe 4 +2NaI 

Disodium hexamethyl-tristannane, NaSnMe 2 .SnMe 2 .SnMe 2 Na 

1 Kraus and Greer, J. Amer, Chem. Soc., 1926, 47 , 2568. 
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—This product is formed by the action of tin dimethyl dibromide on a 
solution of disodium dimcti^yl stannane. The compound is readily 
soluble, and cliernically very active. With ethyl bromide the two 
sodium atoms are re])laeed by etliyl groups, forming EtSiiMejj.SnMeg. 
SnMcgEt. This substance is not stable in air, oxidation slowdy taking 
place. It may be distilled under reduced pressures at a temperature 
of from 80° to 100 ° C., but some decomposition occurs. 

Dodecamethylpentastannane, MegSn.SnMe^.SnMeg.SnMeg.SnMca, 
is isolated when disodium hexamethyl tristaniiane is treated with tin 
trimethyl bromide. 

Dimethylmethylene stannane, McgSii—CHg, is prepared by 
treating disodium dimethyl stannane with methylene chloride. It is 
a liquid at ordinary temperatures, but oxidises slowly in air and is 
reactive with halogens. Its })roperties change with time, pointing to 
polymerisation taking place. 


Aryl Derivatives of the Type 114811 . 

Tin tetraphenyl, Sn(Cgn 5 ) 4 .—^This compound has been prepared 
by three methods : ( 1 ) By heating together 500 grams of tin amalgam 
(25 per cent. Na : 75 per cent. Sn), 600 grams of bromobenzene, and 25 
grams of ethyl acetate in an oil-bath.^ ‘ The reaction commences at 
about 70° C. and is completed by heating the mixture for thirty hours at 
the boiling-point, a thick brown mass separating out. The latter is 
boiled with benzene, the solution on cooling giving 100 grams of crude 
tin tetraphenyl. ( 2 ) An easier method of preparation is by use of the 
Grignard reagent, as follows : To 20 grams of bromobenzene and 
3 grams of magnesium dissoK cd in dry ether, 5 grams of stannic chloride 
are added drop by drop at room temperature. The mixture is then 
refluxed for two hours, allowed to stand for a day, decomposed with 
dilute hydrochloric acid, filtered, and dried. The residue is boiled with 
pyridine, the cool solution depositing needles of tin tetraphenyl. Yield 
of pure product, 57 per cent. (3) Zinc diphenyl method.* Magnesium 
phenyl bromide is treated with anhydrous zinc chloride in ether sus¬ 
pension in an atmosphere of nitrogen. After completion of the reaction, 
toluene is added and the ether distilled off. To the cooled solution, an 
equivalent amount of stannic chloride in toluene solution is added and 
the mixture boiled for one hour. The mass is treated with dilute 
hydrochloric acid and the solution filtered, the residue being extracted 
with benzene and added to the toluene layer of the filtrate. The 
mixture is concentrated and cooled, when a 91 per cent, yield of product 
is obtained, M.pt. 224° to 225° C. 

It is easily soluble in hot benzene, pyridine, glacial acetic acid, chloro¬ 
form, or carbon bisulphide, with difficulty in alcohol or ether, and in¬ 
soluble in light petroleum. The melting-point is given by various 
investigators, and ranges between 220 ° to 226° C. When heated in air, 
tin oxide results, and the halogens react according to the equation : 

Sn(CeH5)4+2Hal,=Sn(CeH6)2Hal2+2CeH5Hal 

^ Polis, Ber„ 1889, 22 , 2916. 

2 Pfeiffer and Schnurmann, Ber,, 1904, 37 , 319. 

3 Chambers and Scherer, J, Amer, Chem, Soc,^ 1926, 48 , 1064. 
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When boiled with thallic chloride in xylene solution, the reaction is 
more complicated, and is best represented as follows :— ^ 

(1) + 

(2) Sn(Cell ^),C12+11 .,0 (CeH5)2(OH )C1 +HC1 

The following reaction takes place quantitatively with stannic 
chloride ^ 

Sn(CeH5)4+SnCl4~2Sn(Cell5)2Cl2 

The snbstanccj is isoniorphous with the tetraphcnyls of lead and silicon, 
and crystallises in prisms belonging to the tetragonal system, 

a : c--] ; 0-3893; 111 : ll()-=70° 35' 

Tin tetra-o-tolyl ^ is prepared hy adding 50 grams of stannic chloride 
in 200 c.e. of ether, dro]) by drop, to the Grignard solution from 220 
grams of o-broinotoluene in 600 c.e. of ether. The whole is boiled for 
twelve hours under reflux, decomposed with water and ammonium 
chloride, the ethereal solution being separated off. The product remain¬ 
ing in sus2:)ensio7i is recovered })y Avashing the residue Avith alcohol, and 
refluxing it Avith benzene. The enide })roduet is steam-distilled, to 
nMuove o-bromutoluene and di-o-tolyl. and recrystallistHi from 400 c.e. 
of ether, ^ ield 35 ])er cent. The jiroduet consists of a snoAV-white 
poAvder, fairly soluble in benzene, less so in (‘ther, and insoluble in 
alcohol. It crystallises from ether in tufts of very line needles, M.j^t. 
158" to 159" ( .* 

Tin tetra-m-tolyl.^- The preparation is similar to the preceding 
one, but the yield is only 20 per cent. It crystallises in colourless, 
glistening needles from absolute alcohol, M.jAt. 128-5" C., easily soluble 
in cold benzene, boiling ether, or boiling alcohol, with difficulty in cold 
ether or alcohol. 

Tin tetra-m-xylyl, (Me 2 C 6 ll 3 ) 4 Sn, is obtained by treating the 
Grignard solution from 329 grams of 1-bromo-2 : 4-xylenc in 800 c.c. of 
ether, Avith 80 grams of stannic chloride. The yield is only 15 grams or 
7*2 i3er cent. It crystallises from benzene on tlie addition of ether in 
doubly refracting needles, a millimetre long, 224" C. (corr.). 

Heated in a scaled tube, the molten substance becomes yelloAV at 287" C., 
and decomposes about 360" C. 

Tin tetra-p-xylyl crystallises from benzene in quadratic columns 
or cubes, M.pt. 278° C. (corr.), becoming yellow at 342" C., darker at 
347" C., and decomi)osing at 360" C. Yield 50 per cent. 

Tin tetra-cyclohexyl.® —Cyclohexyl bromide, 192 c.c. (250 grams), 
or 182 c.c. (182 grams) of cyclohexyl chloride, are conA^erted into the 
magnesium compound, the mixture being heated for two hours to 
complete the reaction. The ethereal solution is then poured off and 
mixed Avith 300 c.c. of pure, dry benzene. To the mixture, Avith ice 
cooling and mechanical stirring, 75 grams of stannic chloride in 200 c.c. 
of dry benzene are slowly added dropwise. The reaction is violent and 
completed by three hours’ boiling. The mass is decomposed by ice- 

^ Goddard and Goddard, Tram. Chem. Soc,, 1922, I2i, 266. 

* Goddard, Ashley, and Evans, Tram. Chem. Soc.j 1922, I2i, 978. 

® ]&ause and Schmitz, Ber„ 1919, 52 , [B], 2160. 

* Krause and R. Becker, Ber., 1920, $ 3 , [B], 184. 

* Griittner, Ber., 1914, 47 , 3267 ; l^ause and Pofaland, ibid., 1924, 57 , [Bj, 635. 
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water and treated with 5 per cent, hydrochloric acid to dissolve the basic 
magnesium salts. The benzene-ether layer is separated, washed, dried, 
and evaporated to about 35 c.c. bulk. Crystals separate on cooling, and 
are recrystallised from benzene by the addition of alcohol. This crude 
product is changed to the monobromide, and the latter treated with 
cyclohexyl magnesium bromide, when pure tin tetra - cyclohexyl is 
obtained. It crystallises from benzene in small, colourless, quadratic 
plates, resembling the corresponding lead compound. The pure com¬ 
pound sinters at 203° to 264° C., at 290° C. a yellowish cloudiness apj)cars, 
and at 307° C. the product suddenly becomes dark gray and tin separates 
out. When pure it is odourless, air-stable, very soluble in hot benzene, 
moderately soluble in warm ether, and sparingly in hot alcohol. By 
the action of bromine in carbon disulphide solution, tin di-cyclohexyl 
dibromide is formed, and iodine gives the corresponding di-iodide, but 
stannic chloride only removes one cyclohexyl group, giving tin tri¬ 
cyclohexyl chloride. 

Tin tetrabenzyl ^ is obtained by treating 1 mol. of stannic chlor¬ 
ide in ether, in the presence of 4 atoms of magnesium, with an ethereal 
solution of 4 mols. of benzyl chloride. After completion of the 
reaction the ether is distilled off, and the residue heated at 100 ° C. for 
two to three hours. On cooling, the mixture is decomposed by water, 
steam-distilled, and filtered, the dry residue being crystallised from light 
petroleum. The com])ound forms colourless, well-defined prisms, 
M.pt. 42° to 43° C., which arc readily soluble in most organic solvents. 
It is oxidised in the atmosphere at ordinary tem])eratures, forming 
benzaldehydc, this often being noticed with benzyl compounds of tin. 

Tin tetra -a -thienyl { 0 . 41138 ) 4811 .- A suspension of stannic 
chloride in ether is slowly added to the Grignard solution from a-iodo- 
thiophene and magnesium in dry ether, and the reaction is completed by 
boiling for one hour on the water-bath. On working up in the usual 
manner, tin tetra- 2 -thienyl is obtained in needles or prisms, M.pt. 156° C. 
(corr.), fairly soluble in benzene, hot ether, and hot alcohol, sparingly 
soluble in cold ether, and insoluble in cold alcohol. The alcoholic 
solution when boiled with silver nitrate remains unchanged. 

Aryl Derivatives of the Types Ai’gSnAr' and ArgSiiAlk. 

The compounds arc prepared in a similar manner to the correspond¬ 
ing derivatives of lead, the starting-point being tin triphenyl chloride, 
but the yields in this case are practically quantitative.® 

Tin-triphenyl p-tolyl crystallises from ether in fine rosettes of 
needles, M.pt. 124° C., and from hot alcohol in tufts resembling glass 
wool. It is also soluble in benzene and chloroform. 

Tin triphenyl p-xylyl crystallises from hot alcohol in colourless, 
oblong, hexagonal plates, M.pt. 100*5° C. The solubility of the body is 
similar to that of the above tolyl compound. 

Tin triphenyl a -naphthyl crystallises from alcohol in colourless, 
refractive prisms, M.pt. 125° C. 

Tin triphenyl cyclohexyl is obtained from tin triphenyl chloride and 
an excess of magnesium cyclohexyl bromide. It forms bushy, colourless 

^ Smith and Kipping, Trans. Chem. Soc.^ 1912, lOi, 2553. 

* Krause and Benwanz, Ber., 1927, 60 , [B], 1582. 

® Krause and Schmitz, Ber., 1919, 52 , [B], 2160. 
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needles, M.pt. 131° to 182° C., easily soluble in benzene or ether, spar¬ 
ingly in alcohol. An iodine solution in benzene shows very little 
reaction in the cold, but at 60° to 70° C. slowly produces a pale yellow 
oil which crystallises from alcohol in plates, M.pt. 45° C., and no tin 
triphenyl iodide is produced. 

Tin tricyclohexyl phenyl is obtained from tin tricyclohexyl 
bromide, and recrystallised from benzene-alcohol mixture. It crystal¬ 
lises in snow-white, microscopic, fern-like ramifications of crystals, M.pt. 
191° to 192° C., easily soluble in benzene or chloroform, sparingly in hot 
alcohol, and insoluble in cold. 

Tin tricyclohexyl p-tolyl, melting at 111° C., is a pure white, 
granular powder, crystallising from hot alcohol in prismatic rods. 

Tin triphenyl methyl ^ crystallises from ethereal solution on con¬ 
centration in colourless tetrahedra, melting at 60° C. to a clear, colour¬ 
less liquid. From this melt it crystallises in large, glittering rhomboids, 
readily soluble in benzene, chloroform, or ether, sparingly in cold 95 
per cent, alcohol. Its density at 63*85° C. is 1*3113; iih.i 1*60001, 
n„ 1*60661, nH 5 1*62351, hh^ 1*63831, at 63-85° C. From these data 
the following are calculated :— 

yiWua 20*09, mil) 26*32, SA. « 1*328, ilA^.a 0*819 

Mllna 95 21, MHu 06*06, MA^_« 4*85, MA,, « 2*990 

Subtracting tin* \ alue of the atomic refractions of carbon and hydro¬ 
gen, the following values are obtained for tlic atomic refraction and 
atomic dispersion of tin in the compound :— 

ARna 14*53, AR„ 14*72, AA^ ,, 1*440, AA^ ... 0*870 

Tin triphenyl ethyl crystallises from alcohol in centric groups of 
snow-white, highly refractive prisms, and from the molten crystals in 
large transparent plates, M.pt. 56° C. This and the })receding compound 
give a thick precipitate of a double compound of silver phenyl and silver 
nitrate with silver nitrate, which becomes black on warming. The 
density at 62° C. is 1*2953; nua 1*59917, no 1*60542, nnp 1*62236 at 62°. 

From these figures : 

HRiu 26*38, SRi, 26*61, SA^-, 0*820, MRna 99*96, 

MRi, 100*81, MA/?_a 3*107 

which give for tin in this compound, 

ARii, 14*69, ARn 14*86, AA/,_a 0*917 

Tin tricyclohexyl methyl occurs as a colourless, glycerine-like 
oil, B.pt. 221° C. at 15 mm. in a current of nitrogen, and forms a glassy 
mass when cooled to —75° C. It is miscible with benzene or ether in all 
proportions, insoluble in alcohol or water. Its density at 21*2° C. is 
1*1945; iiHa 1*53379, iid 1*53731, Uh/s 1*54628, Uh^ 1*55384, at 21*2°. 

Hence 

MRna 99*632, MRb 100*180, MA,_a 8*098, MA^-a 1*986 

^ Tliis compound has more recently been prepared according to the following equation, 
the reaction being conducted in liquid ammonia: NaSn(C 8 H 5 ) 8 -l-CH 8 l==CH 8 Sn(CeH 5 ), 
-i-Nal (Bullard and Robinson, J. Amer, Chem. 8oc„ 1927, 49 , 1368). 
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The atomic refraction and dispersion of tin in the compound is 
ARiia 14-461, ARt) 14-642, AA,„« 1-018, AA^_a 0-648 

Tin tricyclohexyl ethyl is a very viscous oil, B.pt. 227° to 228° C. 
at 15 mm., with partial decomposition. Its density at 2f3-2° C. is 1-1766 ; 
iiHu 1-53458, ni) 1-53797, iih/s 1-54700, 1*55459, at 20-2° C. These 

fissures are for the distilled preparation, and a similar series is given 
for the non-distillcd preparation. The figures for the atomic refraction 
and dispersion for tin in the compound are 

ARna 14-477, AR^ 14 664, AAy_a 1*014, AA^^-^a 0-652. 

Tin tribenzyl ethyl is formed .by the interaction of tin tribenzyl 
chloride and magnesium ethyl bromide, the yield being almost theoretical. 
The product cr 3 ^stallises from alcohol-petroleum in colourless tablets, 
M.pt. 31° to 32° C., which are easily soluble in ether, benzene, or chloro¬ 
form, less so in alcohol, and sparingly in light petroleum. 


Arijl Derivatives of the Types Alk.Alk'.SnArg, Alk.Alk'^.SnAr, 
AlkgSiiArg, and AlkgSnAr. 

Tin ethyl propyl dibenzyl.^ -When tin ethyl tribenzyl in carbon 
tetrachloride solution is treated with 1 mol. of iodine, the following 
reaction takes place :— 

Sn(C2H5)(CH2.CeH5),+l2-Sii(C2H5)(CH2CeH5)2l+C6H6Cll2l 


The tin etliyl dibcnzyl iodide thus obtained is then treated with mag¬ 
nesium propyl bromide, the ether distilled off, and the residue heated at 
140° C. for one hour. After cooling, the mass is treated with water, 
and the oil thus formed dissolved in ether, the latter separated off, 
washed, and dried. On distillation, 70 per cent, of the oil distils at 
220° to 225° C. at 15 mm., and is pure tin ethyl propyl dibenzyl. It 
does not solidify at 0° C., and is oxidised in the air at ordinary temper¬ 
atures, whilst heating it under atmospheric pressure causes decomposi¬ 
tion, with the separation of metallic tin. It is miscible with- all the 
usual solvents. For the action of sulphuric acid on this compound, see 
tin diethyl dibenzyl. 

Tin ethyl butyl dibenzyl - Tin ethyl dibenzyl iodide is treated 
with an excess of magnesium n-butyl bromide in ethereal solution, the 
ether distilled off, and the residue heated for one to two hours at 140° C. 
Distillation of the residue gives the required compound, boiling at 207° 
to 209° C. at 9 mm., or 175° to 180° C. at 3 to 5 mm. It is fairly soluble 
in benzene, less soluble in acetone and ether. 

Tin ethyl dibutyl benzyl occurs as a by-product in the above 
preparation. It is a colourless liquid, B.pt. 175° to 180° C. at 9 mm., or 
118° to 122° C. at 2-5 to 3 mm. 

Tin dimethyl diphenyl.^ —^This is formed by treating disodium 
diphenyl stannide with methyl iodide in liquid ammonia. The yield is 
about 84 per cent. 

Tin diethyl dibenzyl.—The product obtained from the interaction 

^ Smith and Kipping, Trans, Chem, Soc,, 1912, loi, 2653. 

* Law, J, Chem, Soc., 1926, p. 3243. 

’ Bullard and Robinson, J, Armr, Chem. Soc., 1027, 49 , 1368. 
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of tin dibenzyl chloride and magnesium ethyl bromide is an oil, which 
on distillation gives a fraction at 223° to 224° C. at 20 mm., correspond¬ 
ing to the desired compound. This oil, which is slightly decomposed on 
distillation, is heavier than water, does not solidify at ordinary temper¬ 
atures, and is miscible witli the usual organic solvents. On heating in 
air it rapidly decomposes with the separation of metallic tin, and 
oxidation by the air produces benzaldehyde. 

When tin ethyl propyl dibenzyl or tin diethyl dibenzyl are treated 
with sulphuric acid or chlorsulplionic acid, no sulphonic acids can be 
obtained. 

Tin trimethyl benzyl is prepared from sodium trimethyl stannide 
and benzyl chloride in liquid ammonia, according to the equation : 

Me 3 SnNa +071170 =Me>iC 7 H 7 -fNaOl 
It dccomj)oscs when heated to 215° C.^ 

Tin trimethyl phenyl.^ -Sodium trimethylstannidc when treated 
with bromobcnzeiie in liquid ammonia 3 delds tin trimethyl phenyl, 
B.}>t. 203° to 208° ('., but the main product of reaction is tri (trimetliyl- 
stannyl)-aminc. TJiis is formed according to tlie equation : 

3NaSn(CH3)3+3C«H5Br-i-NH3-[Sn(CH3)3]3N+3CeHfl+3NaBr 

Tiii trimethyl phenyl may also be prepared by the action of magnesium 
phenyl bromide on tin trimethyl bromide in benzene-ether solution. 
The yield by this method is 35 per cent, and the product distils at 203° 
to 208° C. It is a colourless oil, having a pleasant odour, and is con¬ 
verted by bromine to tin trimethyl bromide. 

Tin triethyl phenyl ^ is obtained as an oil, B.pt. 254° C., from the 
reaction mixture derived from heating together tin triethyl iodide 
(1 mol.), bromobenzene (1 mol.), and metallic sodium. It forms 
a colourless liquid, which has to be distilled in hydrogen, since it is 
partially oxidised in the air, has a fairly pleasant odour, burns with 
a sooty flame, de])ositiiig metallic tin. It is highly refractive, and has 
a density 1-2639 at 0 ° C., is easily soluble in alcohol and ether, but 
insoluble in water. With alcoholic silver nitrate, iodine, fuming hydro¬ 
chloric acid, and stannic chloride, the following reactions take place :—• 

2Sn(C2ll5)3(C,ri5)+2AgN03=2Sn(CaHB)3N03+Ci,Hio+2Ag 

Sn(C2H5)3(CgIl5)+l2 =Sn(C2H5)3l+CeH5l 

Sn(C,U,),(C,U,)+nC\ =^Sn(C2H3)3Cl+CeHe 

Sn{C^UMC,U,)+^nCl, -Sn(C2H5).2Cl2+Sn(C2H3)(CeH5)Cl2 


Aryl Derivatives of the Type RjSnX. 

General Method of Preparation of Tin Triphenyl Halides^ —Tin 
tetraphenyl (85-4 grams) is dissolved in 700 grams of hot pyridine with 
mechanical stirring and the solution rapidly cooled in ice, so that a very 
fine suspension of the compound is produced. At a temperature of 
—48° C., 32 grams of bromine in 150 grams of pyridine are added in 6 

^ Kraus and Bullard, J. Avier, Che.m, Soc., 1920, 48 » 2135, 

. * Bullard and Robinson, loc, cit. 

» Ladenburg, AnnaUn, 1871, 159 , 251, 

* Krause, Oer., 1918, 51 , 913- 

VOL. XI.: I. 21 
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portions, with rapid stirring, and a clear yellow solution is obtained. 
The pyridine is distilled off and the broniobeirzene removed in vacuo, 
leaving a thi<;k, brown residue which is dissolved in ether, treated with 
hydrochloric acid to removes traces of pyridine, and any unchanged tin 
tetraphenyl filtered off. By shaking the ethereal solution with 30 per 
cent, sodium hydroxide, the halide is chancfed to the hydroxide, from 
which the halides may be obtained by the action of halofjen acids. 
Yields 90 to 95 per cent. 

Tin triphenyl chloride. —This has also been obtained by three 
other methods : (1) Tin diphenyl dichloride is treated with sodium 
amalgam in ether solution, or with ammonia.^ (2) When an acetic 
acid solution of tin diphenyl dichloride is treated with sodium nitrite, 
85 per cent, of the tin compound is converted to tin triphenyl chloride, 
nitrosobenzene also being formed.^ (3) It occurs amongst other pro¬ 
ducts, when tin tetraphenyl is decom])osed by thallic chloride.'^ It 
crystallises from ether in colourless crystals, M.pt. lOti"' C!., which arc 
partly octahedral and ])artly prismatic. It boils at 2 K)° C. at 13-5 mm., 
and is soluble in all the usual solvents. 

Tin triphenyl bromide has more recently been pr(‘j)ared ^ by 
treating tin tetraphenyl in boiling chloroform with iodine, when tin 
triphenyl iodide is produced. This is then changed to the hydroxide 
by 30 per cent, sodium hydroxide, and the solution shaken with con¬ 
centrated hydrobromic acid. Yield 50 per cent. This iiicthod obviates 
the cooling in solid carbon dioxide adopted by Krause.^ It crystallises 
in millimetre-long pyramids or octahedra, and from dilute solution in 
fern-like masses. It melts at 120-5" C., and boils at 249" C. at 13-5 mm. 

Tin triphenyl iodide forms large, four-sided, monoclinic prisms, 
M.pt. 121" C., B.pt. 253° C. at 13-5 mm. 

Tin triphenyl fluoride ® occurs as fine, snow-white ])risms, M.pt. 357" 
C., becoming brown at 345" C. It is sparingly soluble in cold alcohol, ether, 
or water. 

Tin tri-o-tolyl chloride crystallises from alcohol in thick, colour¬ 
less prisms, M.pt. 99-5° C, The bromide forms compact, rhombic plates, 
M.pt. 99-5" C., and the iodide rhombic crystals, M.pt. 119-5" C. The 
solubilities of these three compounds are similar to the corresponding 
para compounds. 

Tin tri-p"tolyl chloride forms rhombic plates, M.pt. 97-5" C., 
from hot alcohol. It is easily soluble in benzene or ether, sparingly in 
absolute alcohol. The bromide crystallises in colourless rhomboids, 
M.pt. 98-5" C., and has a similar solubility to the chloride. The iodide 
crystallises in a like form to the bromide and melts at 120-5" C., and has 
also a solubility similar to the chloride. The fluoride forms hair-fine 
needles, melting in a sealed tube at 305" C. to a brown liquid. It is 
readily soluble in alcohol, but insoluble in ether. 

Tin tri-m-xylyl fluoride is deposited as fine, matted needles from 
hot benzene, M.pt. 209° C., somewhat soluble in warm ether and alcohol. 
The other hahdes have not been obtained in a crystalline form. 

Tin tri-p-xylyl fluoride forms fine, microscopic needles, melting 

^ Aroiiheiin, Annahn, 1878, 194 , 145. 

2 Aronheim, Ber,, 1879, 12 , 609. 

^ Goddard and Goddard, Trans, Che.m, 80 c., 1922, I2i, 256. 

^ Chambers and Scherer, J. Amsr. Chsm, 8 oc„ 1926, 48 , 1054. 

* Krause, Ber., 1918, 51 , 913. 

• Krause and R. Becker, 1920, 53 , [B], 183. 
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in a closed tube at 247° C. (corr.). It is somewhat soluble in boiling 
ether and boiling alcohol. The chloride crystallises from hot alcohol in 
compact columns, M.pt. 141*5° C., very easily soluble in benzene or 
chloroform, readily in boiling ether, sparingly in hot alcohol, insoluble in 
cold alcohol. The bromide forms compact, six-sided crystals, M.pt. 
151° C. (corr.), and is more soluble than the chloride. The iodide yields 
colourless, clear, six-sided plates from ethcr-alcohol, M.pt. 159*5° C. 
(corr.), less soluble than the chloride. 

Tin tricyclohexyl fluoride ^ is obtained by treating the base with 
dilute hydroiluoric acid, or the bromide with neutral potassium fluoride, 
in boiling aqueous alcoholic solution. It is sj)aringly soluble in all the 
usual solvents. AVhen heated with acetic acid it is converted into the 
acetate, six-sided prisms, decomposing at 305° C. The chloride crystallises 
in prismatic plates, M.])t. 129° to 130° C., decomposing at about 286° C., 
and having a similar solubility to the bromide. With dry ammonia it 
forms (C^lI,,).jSnC1.2NH3, M.pt. 128° C. The bromide is obtained by 
adding the rccpiisite quantity of bromine to ice-cooled tin tctracyclo- 
hcxyl, and removing the eyclohexyl bromide which is formed by heating 
on a boiling w^ater-bath at J 5 mm. The crude product is triturated with 
a little cold 94 per cent, alcohol and recrystalliscd from a little hot 
akioliol. Tt melts at 77" C., and decomposes at about 280° C. It 
crystallises in thick ])risnis, a centimetre in length, very easily soluble in 
benzene, chloroform, or ether, easily iii hot alcohol. The iodide is pre¬ 
pared from the ictracyclohcxyl com]iound by the action of iodine in 
benzene solution at room tem])erature. It crystallises from alcohol in 
colourless, six-sided jflaies, M.pt. 65° C., decomposing at about 290° C. 
In the dark th(‘ compound remains colourless, but becomes yellow on 
exposure to light. 

The hifdrojcide is formed from the bromide by shaking its ethereal 
solution with an excess of 15 per cent, potassium hydroxide. From 
alcohol it forms six-sided columns which melt rather indelinitely at 
220° to 222° C. 

Tin tribenzyl chloride.^--The first preparation of this compound 
was made by adding stannic chloride (1 mol.) to ice-cold magnesium 
benzyl chloride (3 mols.) in dry ether, but the yield was poor. In 
Kipping’s method the stannic chloride and magnesium are mixed in dry 
ether, jirior to the addition of the benzyl chloride, this method giving 
a 60 per cent, yield. The crude product is recrystallised from acetone, 
and then from glacial acetic acid, until the melting-point is constant. 
It forms well-defined ])risms, M.pt. 143° to 145° C., readily soluble in 
acetone, benzene, or chloroform, less so in ether or alcohol, and insoluble 
in water. With 1 mol. of iodine it reacts as follows :— 

2Sn(CIl2CeH5)3Clf2l2-Sn(CH2CeH5)2C4+Sn(CIl2CeH5)2l2+2CeH5CH2l 


Aryl Derivatives of the Types RgSnXa and R^SnXX'. 

Tin diphenyl dichloride, Sn (06115)0013.® —Formed: (1) By the in¬ 
teraction of tin tctraphenyl (I mol.) and stannic chloride (1 mol. ) in boil- 

^ Krause and Polilaiid, Ber,, 1924, 57 , [BJ, 53o. ♦ 

“ Heiffer and Schnurraann, Ber., 1^4, 37 , 319; Smith and Kipping, Trans, Ghem, 
80 c., 1912, 101 , 2553. 

* Aronheim, Anndkn, 1878, 194 , 145. 
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ing xylene. (2) Mercury diphenyl is mixed with an equal weight of 
stannic chloride, the mixture covered with light petroleum, and digested 
in a paraffin-bath for twelve hours. The whole is then poured into 
water, the petroleum drawn off, and the aqueous solution heated from 
85® to 90® C. on the water-bath. An oil separates out, and this on 
standing solidifies to a mass of white crystals of tin di])henyl dichloride, 
(3) By the interaction of tin tetraphenyl and thallic chloride.^ The 
compound forms colourless, triclinic prisms, M.pt. 42® C., B.pt. 333® to 
337® C., with partial decomposition. It is easily soluble in ether, 
alcohol, or petroleum, sparingly soluble in water, but tends to decompose 
in the latter. Witli strong acids it yields stannic chloride and benzene. 
If the aqueous solution from which the above tin diphenyl dichloride is 
obtained is heated for a loiig period, tin diphenyl hydroxychloridc and 
tin diphenyl oxide are formed. They may be converted to the dichloride 
by treatment with hydrochloric acid. For the difluoride, sec p. 326. 

Tin diphenyl hydroxychloride. —As indicated above, this produ(‘t 
is obtained by the action of water on the dichloridc. It melts at 187® C., 
and at higher temperatures develops an odour of diphenyl, gives the 
dichloride on warming with concentrated hydrocfliloric acid, and forms 
acid and basic salts of the type SnPhgClX, these readily being produced 
by the action of hydrogen chloride, bromide, or iodide. The hydroxy- 
chloride is an amorphous powder, which is insoluble in the usual organic 
solvents. 

Tin diphenyl chloro-iodide, 2 Sn(C 6 N 5 ) 2 ClI. -The best yield is 
obtained by treating the chloride with hydrogen iodide : 

Sn(CeH5)2Cl2+in==HClfSn(Cell5)2Cll 

It crystallises from anhydrous ether in transparent j^iisms, M.pt. 69® C., 
water or heat rapidly decomposing the compound. The corresponding 
chlorobrornide, M.pt. 39® C., is easily soluble in alcohol, ether, carbon 
bisulphide, or ligroin, but some difficulty is encountered in getting the 
body to solidify. 

Tin diphenyl dibromide. —Formed by the action of hydrogen 
bromide on tin diphenyl oxide, the oil solidifying instantly on the 
addition of a crystal of the chlorobromide. The compound has been 
more recently pre})ared by the direct bromiiiation of tin tetraphenyl.® 
It resembles the chlorobromide in properties, and melts at 88® C. Tin 
diphenyl di-iodide does not appear to be stable, the reaction taking the 
following course :— 

1. Sn(CeH5)20+2HI=Sn(CeH5)2l2+H20 

2. Sn(CeH6)2l2+2lII=Snl4+2CeHe 

Tin diphenyl oxide.^ —When the corresponding chloride or hydroxy- 
chloride in aqueous solution is digested with alkalies, or alcoliolic or 
aqueous solutions of the chloride are treated with potassium or sodium 
hydroxides, ammonia or ammonium carbonate, the oxide is precipitated 
as a white powder, which resembles the hydroxychloride in solubility and 
properties. It does not melt, and decomposes without fusion on heating. 

Tin diphenyl diethoxide, Sn(C5H5)2(OC2H5)2«—If sodium ethyl- 

1 Goddard, AsJiley, and Kvans, Tram, Chtm. Soc., 1922, 121 , 978. 

* Aronheim, Annalen, 1878, 194 , 146. 

® Chambers and Scherer, J. Amer. Ckem. Soc., 1926, 48 , 1064. 

* Aronheim, loc, cit, . 
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ate be treated with tin diphenyl dichloride a precipitate is immediately 
thrown down. This consists of tin diphenyl oxide and sodium chloride, 
and if it be filtered off, and the filtrate evaporated, small white crystals 
of the ethoxide are deposited. These are best purified by repeated 
solution in alcohol and evaporation over sulphuric acid. The reaction 
is represented thus : 

1. Sn(CeH5)2Cl2+2NaOC2ll5-2NaCl-fSn(CeH5)2(OC2H6)2 

2. Sn(CeIl5)2Cl2+2Na0C2H5-2NaCl+Su(CeH5)20+(C2H5)20 

Tin diphenyl aminochloride, Sn{CeH 5 ) 2 NH 2 Cl, is formed as a 
by-product in the preparation of tin triphenyl chloride from tin di¬ 
phenyl chloride by the action of ammonia. When treated with water 
it is decomposed into tin diphenyl hydroxychloride and ammonia. 

Tin dibenzyl dichloride.^—When tin tribenzyl chloride (1 mol.) 
is dissolved in carbon tetrachloride, and iodine (1 mol.) added in small 
quantities, the following reaction ensues :— 

2Su(CH2Cell5)3Cl+2l2-Sn(CH2CeH5)2Cl2-f-Sn(CIl2C6n5)2l2 

f2C,Il5CH2l 

By suitable treatment this mixture is then converted to chloride, 
which is easily soluble in alcohol, acetone, ether, chloroform, carbon 
tetrachloride, or boiling acetic acid, sparingly soluble in hot, light petro¬ 
leum. It forms long needles, M.pt. IG3® to 104° C. Tin dibenzyl di¬ 
iodide is more soluble in carbon tetrachloride than the corresponding 
chloride, so that it can be obtained from the mother-liquors from which 
the chloride has been deposited. It is also formed when tin dibenzyl 
oxide is dissolved in hot acetone containing hydrogen iodide. The 
compound crystallises in long, silky, yellow needles, M.pt. 80° to 87° C. 
The dibromide is formed from the oxide in a similar manner to the iodide. 
It is more soluble than the chloride, and crystallises in colourless 
needles from light petroleum, M.pt. 103° C. 

Tin dibenzyl diacetate is deposited from the solution obtained by 
dissolving tin dibenzyl oxide in glacial acetic acid. It forms long, 
colourless needles, M.pt. 130° to 137° €., readily soluble in acetone, 
chloroform, alcohol, or benzene. 

Tin dicyclohexyl difluoride ^ is prepared from the dibromidc or 
dichloride by adding the calculated amount of neutral potassium fluoride 
in aqueous alcoholic solution. It is a line, white, crystalline powder, 
difficultly soluble in all solvents with the exception of hot acetic acid, 
from which it crystallises in bushy needles, M.pt. 278° C., with previous 
sintering. The dichloride is obtained from the dihydroxide by long 
warming with concentrated hydrochloric acid. It crystallises from 
benzene in colourless needles, M.pt. 88° to 89° C., which sometimes are 
a centimetre in length. When molten, it becomes turbid at about 220° C., 
and decomposes with rise of temperature. The dichloride, like the di * 
bromide, is hydrolysed by a large bulk of water. Prolonged boiling of 
tin tetracyclohexyl in chloroform or carbon tetrachloride solution with 
the calculated quantity of bromine yields the dibromide^ wliich crystal¬ 
lises in needles, M.pt. 58° C. It is very readily soluble in chloroform, 
benzene, or carbon tetrachloride, sparingly in alcohol or ether.® The 

^ Smith and Kipping, Trans, Chem, Soc,, 1912, loi, 2663. 

* Krause and Pohland, Ren, 1924, 57 , [B], 636. 

3 See Griittner, Ren, 1914, 47 , 3257. 
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di-iodide is a snow-white, crystalline powder, M.pt. 42° C.^ Heated in 
a sealed tube it gives a clear liquid at about 250° C., at 253° C. it becomes 
cloudy and changes to dark red, and al)ovc 300° C. becomes black. The 
dihydroxide is formed by the hydrolysis of the dibromide, and a basic 
bromide is not obtained. The dihydroxide is a white, amorphous powder, 
insoluble in water and tlie usual organic solvents. It discolours towards 
280° C., sinters at 287° C., and is comj)letely de(H)mposed at 201° C. 

Aryl Derivative of the Type Alk.Ar.SnXg. 

Tin ethyl phenyl dichloride,^ Sn(C 2 H 6 )(C 6 H 5 )Cl 2 . is prepared by 
the action of stannic chloride on tin triethyl phenyl. It forms rhombic 
plates, M.pt. 45° C., easily soluble in ammonia atid alcohol, but with 
difficulty in water or dilute hydrochloric acid. 

Aryl Derivatives of the Type RgSn.'^ 

Tin diphenyl.—To the Grignard solution from 75 grams of brorno- 
benzene in 400 c.c. of ether, 15 grams of anhydrous, finely ])owdered 
stannous chloride are added, the mixture being shaken, ice-cooled, and 
dry nitrogen gas })assed in. Hie solution first becomes deej) reddish- 
browm, and as the reaction proceeds a golden yellow% amorphous powder 
separates out. After one hour at room temperature the mixture is 
gently w^armed for ten minutes, all operations being conducted in a 
nitrogen atmosj^here. The product is then decomj)osed by ice, and 
shaken with benzene, and the benzene-ether layer removed, dried, and 
evaporated in vacuo to about 70 c.c. The deep red solution is shaken 
with alcohol, tin diphenyl being precipitated as a yellow ])owder. This 
may be purified by solution in benzene and precipitation with alcohol, 
the final product being w^ashed with alcohol, then rapidly with a little 
ether, and dried in vacuo over phosjihoriis pentoxide. Yield 10 grams, 
64 per cent. It is a shining yellow, amorphous pow der, readily soluble 
in benzene and chloroform, easily in ether, and insoluble in alcohol. Very 
dilute benzene solutions are intense yellow to reddish yellow, and soon 
become turbid on exposure to air, owing to oxidation. In surdight the 
benzene solutions become deep red and a bright yellow jirecipitate 
separates. Dry tin dijihenyl is oxidised in the air, becoming white. 
Fuming nitric acid causes it to inflame, and alcoholic silver nitrate is 
reduced. It softens at 126° C., and melts to a dark red liquid at 130° C., 
from which tin separates at 205° C. When brominated at —25° C. in 
chloroform solution an oil is produced, and this, with aqueous alcoholic 
potassium fluoride solution, gives tin diphenyl difluoride, quadratic 
columns, melting above 360° C. It is slightly soluble in alcohol or benzene. 

Tin di-p-tolyl is an orange-yellow, amorphous powder, softening at 
109° C., and melting to a clear, dark red liquid at 111-5° C.; on further 
heating it becomes turbid, and tin separates out at 245° C. It dissolves 
in benzene in all proportions, readily in ether, but is insoluble in alcohol. 
The solutions resemble potassium di chromate in colour, and blacken 
alcoholic silver nitrate. It is not so readily oxidised in air as the phenyl 
compound. 

^ Griittner, M.pt. 145® C. 

^ Ladenburg, Anndltn, 1871, 159 , 251. 

* Krause and R. Becker, J5er., 1920, 53 , [B], 183; Chambers and Scherer, J. Amer. 

' Chem, Soc., 1926, 48 , 1054; see p. 329. 
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Tin di-p-xylyl has similar properties to the preceding compounds. 
It sinters at 155° C., forms a deep red liquid at 157° and decomposes 
at 240° C. 

Tin di-cyclohexyl ^ is an intense yellow, odourless y)owder, very 
easily soluble in benzene, soluble in ether, and insoluble in absolute 
alcohol. In very dilute benzene solution it is citron yellow. When 
heated in absence of air it becomes dec]) orange-yellow at 130° C., and 
melts to a ruby red liquid at 176° to 178° C., darkening at 260° C., and 
decomposing at 285° C. 

Tin di -a -naphthyl is prepared in the usual manner, 30 grams of 
a-bromonaphthalenc and 5 grams of stannous chloride giving 8 grains 
of tin dinaphthyl, 73 per cent. It softens at 106° C., melts to a dark red 
liquid at 200° (<., and decomposes at 255° C. 

Aryl Derivatives of the Types Ar^Sn.SnAr;^ and ArgSn.SnAlk^.^ 

Hexaphenyldistannane.' The preparation is carried out in the 
same manner as that of tin di])henyl, but instead of warming the product 
for ten minutes as stated in tliat jireparation, it is now vigorously boiled 
lor three to lour hours in a stream of nitrogen. The reaction product is 
decomposed with water, extracted with benzene, and the latter solution 
separated off and dried. Hexaphenyldistannane may also be obtained 
by the reduction of tin triphenyl chloride in benzene-xylene solution 
by metallic sodium (yield 50 per cent.), or in alcoholic solution (yield 
65 per cent.). From benzene it contains 1*5 lYiols. of benzene of 
crystallisation, but from ether Hat rectangular plates are deposited, 
from chloroform, pyramids. It is somewhat soluble in benzene, readily 
in chloroform, sparingly in ether or acetone, and insoluble in alcohol. 
It melts at 237° C\, becomes yellow at 250° C., and decomi)Oscs at 280° C. 
It reduces silver solutions at —75° C. to black metallic silver. Bromina- 
tion at —30° C. produces tin triphenyl bromide. 

Hexa-p-tolyldistannane is prepared by the treatment of tin tri-p- 
tolylbromide with metallic sodium and alcoliol. Yield 64 ]>er cent. It 
crystallises from benzene in colourless, rhombic plates, easily soluble in 
benzene or ether, sparingly in alcohol. It melts at 143-5° C., becomes 
yellow at 285° C., and decom]>oses at 335° F. It has similar j)ro])ertie's 
to the phenyl compound. 

Hexabenzyldistannane,^ (CeIT 5 .CIl 2 ) 3 Sn.wSn(C(jIl 5 .Cn 2 ) 3 , is pre¬ 
pared by heating tin tribenzyl chloride with sodium in toluene solution. 
It separates from acetone in colourless tablets, M.pt. 147° to 148° C., 
readily soluble in hot acetone or benzene. Treatment with iodine in 
benzene solution yields tin tribenzyl iodide. 

Hexa-p-xylyldistannane^ is obtained from the bromide in 50 per 
cent, yield. It crystallises from benzene-alcohol in flat, rhombic plates, 
very soluble in benzene or chloroform, sparingly soluble in ether, and 
insoluble in alcohol. It melts at 196° C. (corr.), becomes yellow at 350° 
C., and decomposes at 368° C. . 

Hexacyclohexyldistannane® is prepared from the bromide in 

’ Krause and Pohland, Ber.^ 1924, 57 , [B], 536. 

* Krause and Beokc^r, loc. cit 

» Law, ./. Chem. Soc., 1926, p. 3243. 

* Krause and R. Becker, loc. cit. 

* Krause and Pohland, loc. cit. 
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xylene solution, in 90 per cent, yield. It crystallises from tiot xylene or 
benzene in six-sided plates, decomposing above 300° C. It is sparingly 
soluble in cold benzene or xjdene, easily soluble on warming, and is in¬ 
soluble in alcohol or ether. 

Triphenyltrimethyldistannane,^ PhgSn.SnMeg.—Sodium tin tri¬ 
phenyl is treated with tin trimethyl bromide in liquid ammonia, w^hen 
the product is immediately precipitated. It melts sharply to a clear, 
colourless liquid at 10 G° C., and shows no tendency to oxidise in air. 


Derivatives of Tin TrrphemjL^ 

Sodium tin triphenyl, (CgH 5 ) 3 SnNa.—Tin triphenyl bromide is 
dissolved in liquid ammonia and the solution treated with metallic 
sodium. The reaction occurs immediately, the product being formed 
together with sodium bromide. The compound is a pale yellowy amor¬ 
phous ])owder, soluble in liquid ammonia, giving a ):)ale yellow solution, 
and it dissolves to some extent in dry ether. When dry oxygen is 
passed through its solution in liquid ammonia, the solution evaporated 
and the residue extracted with hot benzene, tin triphenyl hydroxide, tin 
tetraphenyl, and tin diphenyl oxide are formed. The reaction between 
sodium tin triphenyl and phenyl mercuric iodide in liquid ammonia gives 
rise to tin triphenyl, sodium iodide, mercury, and phenylmercuric amine, 
CeH 5 .Hg.NH 2 , M.pt. 123*5° to 124° C. With sodium monochloraeetate 
in liquid ammonia solution the reaction is as follows :— 

(CeH6)3SnNa-f-CH2Cl.COONa={CeH5)3SnCH2COONa+NaCl 

The tin com[)ound thus formed crystallises in plates, M.pt. 122 ° to 
122*5° C., soluble in the usual organic solvents, save petroleum ether, and 
insoluble in water. It is best crystallised from 80 per cent, acetic acid, as 
the sodium salt is very soluble in water and ujidergoes hydrolysis. 

Tin triphenyl hydride is formed according to the following equation : 

(C,H,) 3 SnNa+NH 4 Br-(CeH,) 3 SnH fNaBr.H NH 3 

Five grams of tin triphenyl bromide arc placed in a reaction tube and 50 c.c. 
of liquid ammonia coiuk^iised upon it. Sodium is added gradually until 
a permanent blue colour is obtained (0*63 gram sodium). Ammonium 
bromide, 1*25 grams, is added, the colour disappears and a white precipi¬ 
tate forms. Tlie ammonia is evaporated and the residue extracted with 
ether. On evaporating the ether in an atmosphere of ammonia, a 
cloudy yellow oil and a white crystalline solid, M.pt. 229° to 232° C., are 
obtained. This solid is tin triphenyl^ and the liquid in an ammonia 
atmosphere boils at 173° to 174° C. at 6 mm. The latter is the hydride, 
which may be oxidised to tin triphenyl (M.pt. 282*5° C.) by passing dry 
oxygen through its solution in absolute alcohol for fifteen minutes. A 
white crystalline powder is obtained, which may be recrystallised from 
ether. All manipulations of the hydride must be conducted in an inert 
atmosphere. When the hydride is treated with sodium in liquid 
ammonia, sodium tin triphenyl is formed, and when tin triphenyl 
chloride is added to the solution, tin triphenyl and sodium chloride 
result. 

* Krause and Bullard, J. Amer. Chem. Soc,, 1926, 48 , 2134. 

® Chambers and Scherer, J, Amer, Chem, 80 c., 1926, 48 , 1066. 
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Tin diphenyl hydride is prepared in much the same way as the 
preceding compound, the reactions being carried out in liquid ammonia, 
and represented by the following equations :— 

(CeIl6)2SnBr2+4Na=(CeH5)2SnNa2+2NaBr 

(CeH 6 ) 2 SnNa 2 + 2 NH 4 Br=(CeH 5 ) 2 SnH 2 + 2 NaBr + 2 NH 3 

The compound forms as a dark brown precipitate. The ammonia is 
allowed partially to evaporate and dry ether added. The remainder of 
the ammonia is then evaporated, and by means of a eudiometer eon- 
nectcd to the reaction tube, it is found that hydrogen corresponding to 
one molecular equivalent is evolved, ix. the hydride loses its hydrogen, 
yielding tin diphenyL I’he latter compound by this process is obtained 
as a yellow solid, decomposing at 205° C., and readily soluble in organic 
solvents, exce])t ethyl alcohol. In the solid state it is not readily oxi¬ 
dised in the air, but in solutions the oxide soon separates. This com- 
j)ound differs from that described by Krause ^ in its melting-point and 
reactivity towards oxygen (p. 326). 

Tin tetraphenyl reacts with sodium in liquid ammonia to form 
sodium tin triphenyl and disodium tin diphenyl, the amounts de])ending 
on the conditions of the experiment. 


Heterocyclic Systems contairiing Tin. 


These compounds arc similar to the heterocyclic compounds of lead. 
Tin dimethyl or dicthyl-cyclopentamethylene is obtained by the action 
of tin dimethyl- or diethyl dibromide or di-iodide on the magnesium 
compound of 1 : 5-dichloropentane with difficulty, and has the following 
constitution 





2 


It is analogous to the cyelohexanes, in which a carbon atom has been 
replaced by quadrivalent tin. The constitution of the body is com- 
})letely determined by scission with halogen and molecular weight deter¬ 
minations. By the action of two atoms of bromine in the cold the ring 
is partially split, and tin diethyl-5-bromoamyl bromide obtained. 



Br 

CH2(CH2)3CIl2Br 


The reaction is quantitative and analogous to that of the lead com¬ 
pound. 

By the action of ethyl magnesium bromide, the bromine atom bound 
to the tin is replaced by the ethyl group, with the formation of tin 
triethyl- 5 -bromoamyl. In absolute ether solution the reaction with 
magnesium goes quite easily, a 75 per cent, yield being obtained, the 
(5-triethylstannyl-n-amyl)-magnesium bromide, 


Eb 

Et 


><CH, 


(CH2)3CH2MgBr 


giving with water, tin triethyl-n-amyl. 

^ Krause and R. Becker, Rer., 1920, 53 , [B], 183. 
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By the action of lead trimethyl bromide on the magnesium com¬ 
pound of trimethyl-5-bromoamyl tin, l-trimethylstannyl-5-trimethyl- 
plumbyl-n-pentane is formed. 

Lead trimethyl bromide and tin triethyl bromide with the mag¬ 
nesium compound of 1:5-dichloropentane give bis-trirnethylplumbyl-n- 
pentane and bis-triethylstannyl-n-pentane respectively. 

Tin diethyl-cyclopentamethylene, 

Et2Sn<(Cll2)5 

To the magnesium compound from 112 grams of 1 : 5-diehloropentanc in 
400 c.e. of dry ether, 130 grams (half the calculated quantity) of tin 
diethyl dibromide are addend in small })ortions with shaking. A violent 
reaction takes place and all the products pass into solution. After the 
reaction has subsided the whole is boiled for thirty minutes, the ether 
distilled off, and the residue baked on a boiling water-bath for one hour. 
The mass is dec()m}K)sed with water, the ether layer separated, washed 
with water, and dried over calcium chloride. Removal of the ether gives 
an oil, which is fractionated under reduced })rcssure in a stream of carbon 
dioxide. The fraction distilling at 98*^ to 104^ C., after several distilla¬ 
tions at 14 mm. pressure, gives a constant boiling fraction at 9.5^ C. 
Yield about 25 grams. The compound is a thin, colourless oil having 
a pleasant smell, resembling ])inc-leaf extract. In absence of air it may 
be kept for a month, but in the course of a day becomes turbid in air, 
depositing a white resin. 

Tin diethyl-5-bromoamyl bromide, 

.(Cll2)5Br 

EtgSnC 

\Br 

A solution of 12*3 grams of the ])reccding compound in 50 c.e. of ethyl 
acetate is cooled in ice and treated dropwise with 8 grams of bromine in 
25 c.c. of ice-cold ethyl acetate, the mixture being frequently shaken. 
When all the bromine has been added, the ethyl acetate is distilled off, 
and the oil fractionated in carbon dioxide. The fraction, B.pt. 189° to 
192° C. at 10 mm., gives a thick, colourless oil, B.pt. 190*5° C, at 10 mm. 
Yield quantitative. The bromine atom bound to the tin may be 
removed by treating the alcoholic solution of the substance with alcoholic 
silver nitrate containing some nitric acid. The second bromine atom 
is estimated by the method of Carius. 

Tin triethyl-5-bromoamyl, Et 3 Sn.(€H 2 ) 5 Br.—Fifteen grams of 
tin diethyl-5-bromoamyl bromide in 200 c.c. of ether are added to the 
Grignard solution from 25 grams of ethyl bromide in 100 c.c. of ether. 
The reaction is completed by boiling the mixture for five minutes. The 
mass is decomposed with water, and the ether layer separated and dried. 
Distillation in a carbon dioxide atmosphere yields an oil, B.pt. 155*5° C. 
at 15 mm. Yield quantitative. It is a colourless, thin, air-stable, 
almost odourless oil. 

Tin trietbyl-n-amyl, and 1 : lO-Bis-trietbylstannyl-n-decane, 

Et 3 Sn.(CH 2 )io*SnEt 3 .—Magnesium powder, 1*5 grams, is cauterised with 
0*5 gram of ethyl bromide in 10 c.c. of ether. The ether is then poured 
off and the powder treated several times with ether, the latter being 
decanted off. A solution of 10 grams of tin triethyl-5-bromoamyl in 
40 c.c. of ether is then added to the powder and a violent reaction takes 
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place. This is completed by two hours’ boiling. The ether solution is 
then poured off, decomposed with water, and the ether layer separated 
and dried. The solution is now distilled in carbon dioxide under 
reduced pressure. At 111° C. at 15 mm. G grams of tin triethyl-n-amyl 
are obtained, and at 247° to 249° C. at 15 mm. 2 grams of 1 ; 10>bis-tri- 
ethylstannyl-n-decane. The latter is a colourless, odourless oil. 

Tin diethyl-n-amyl bromide is obtained as a colourless, thick, 
unpleasant smelling oil, by adding the requisite quantity of bromine in 
etliyl acetate to tin triethyl-n-amyl. 

Tin dimethyl-cyclopentamethylene is prepared in the same 
manner as the corresponding ethyl compound, wliicli it resembles in 
properties. When treated with bromine it yields tin dimet/iyU 5 -bro 7 no- 
amyl bromide, a colourless, air-stable, somewhat viscous, pungent oil 
of unpleasant odour. 

Tin trimethyl- 5 -bromoamyl, prepared in the usual way, is a 
colourless, thin, air-stable oil, liaving an odour resembling the tin 
alkyls. 

1 : 5 -Bis-triethylstannyl-n-pentane, Et3Sn.(CIl2)5.SnEt3. — 
Fifty grams of tin triethyl bromide are added to tlie (irignard solution 
from 15 grams of 1 : 5-dichloropentane in 150 c.c. of ether. The re¬ 
action takes })laee smoothly and is completed by three hours’ warming; 
the solution is decomposed with water, the ethereal layer dried and the 
solvent removed. At 14 mm. the product distils at 204° to 200° C., 
further distillations giving a pure compound at 205-5° C. Yield 12 
grams. 


Derivative containing I'm atid Lead. 

l-Trimethyl 8 tannyl- 5 -trimethylplumbyl-n-pentane, Me^Sn. 
(Cil 2 ) 5 .PbMc 3 .—The magnesium compound Irom 9-2 grams of tin tri- 
methyl-5-bromoamyl in 50 c.c. of ether is shaken with 9*8 grains of lead 
trimethyl bromide. A smooth reaction takes place and all the ])roduct 
dissolves. The whole is boiled for thirty minutes and decomposed w ith 
water. To remove the excess of lead trimctliyl bromide, the ethereal 
solution is twice shaken with 20 ])er cent, potassium Jiydroxide and 10 
per cent, sulphuric acid, and the precipitated lead trimetliyl sul])hate 
filtered off. The ethereal solution is then washed with w atcr, driecl over 
calcium chloride, and the ether distilled off. The oil remaining, when 
distilled under reduced pressure gives 7 grams of product at 164° C., 
this after several distillations yielding 4-5 grams of the required com¬ 
pound as a thick, colourless oil, B.pt. 162° C. at 17-5 mm. 

The physical constants of the above compounds are shown in Table 
XVIII. of the Appendix. 



CHAPTER XIV. 


ORGANOMETALLIC DERIVATIVES OF LEAD. 


A PERIOD of seven years elapsed after the ])reparation of the first tin 
organic compound before a derivative of lead was obtained. In 1859 
Buckton isolated lead tetraethyl by the interaction of zinc ethyl and 
lead chloride. A number of investigators then worked upon this com- 

Tablk I. 



Table II. 
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pound together with lead tetramethyl, and produced many derivatives 
of the type RgSnX (R—alkyl; X=acid radicle). It is, however, 
within the last ten years that the majority of the products recorded in 
this chapter have been made. The bulk of the work centres round 
mixed alkyl or aryl compounds, or combinations of the two. The 
above tables have been drawn up to show the main reactions carried 
out. In I. the lead alkyls are illustrated by making use of some ethyl 
derivatives, and in II. phenyl compounds are used. The heterocyclic 
compounds of lead are similar to those of tin. 

Alkyl Derivatwes of the Type R 4 Pb. 

Lead tetramethyl, Pb(CH 3 ) 4 .- This may be i)rcpared by the inter¬ 
action of a sodium-lead alloy (20 percent, sodium) and methyl iodide,^ 
or from lead chloride and zinc methyl.^ It has more recently been 
obtained by the Grigiiard reagent, from magnesium methyl chloride and 
lead chloride.** The compound is a liquid boiling at 110° C., melting at 
—27*5° C'., insoluble in water, but readily soluble in alcohol or ether. 
The following physical constants have been determined : density 2 034 ; 
1-00,51 ; iiv—uc 04)1881. Treatment with hydrochloric acid or iodine 
removes one of the methyl groups, giving a lead trimethyl halide. 

Lead tetraethyl is isolated in a similar manner to the above methyl 
compound, from sodium-lead alloy and ethyl iodide ^ or from lead 
chloride and zinc ethyl.^ A simpler method than the foregoing is 
carried out as follows : ^ Twenty grams of ethyl iodide and 3 grams of 
magnesium are allowed to react in dry ether, and 10 grams of lead 
dichloride added, the whole then boiled for one hour. The mixture is 
then decomposed with water, the ether layer removed and dried over 
calcium chloride. After distilling off the ether, lead tetraethyl remains 
as a colourless oil, boiling with decomposition about 200° C., but un- 
decomposed at 01° to 92° C. at 10 mm. or 83° C. at 13 mm. It has 
recently been obtained in 90 per cent, yield by the interaction of zinc 
diethyl and lead chloride.'^ The compound is insoluble in water, but 
miscible with ether. One ethyl group is split off by the action of hydro¬ 
chloric acid or iodine, and sulphur dioxide yields diethyl sulphone. 
The compound is now used industrially for mixing with the fuel of 
explosion motors, as it allows greater compression without the danger 
of self-ignition.® Physical constants : density, 1-62 ; 1-6591 ; 1-64296 
at 22-4° C., n, 1-50934, iin 1-51417, lu l -53430‘ n^ -iic 0 01750. 

Lead tetra-n-propyl is obtained by the interaction of magnesium 
propyl bromide and lead chloride. Density 1-4419 ; Uf—U cj 0-01566. 

Lead tetra-sec-propyl is a highly mobile liquid, B.pt. 120-0° C. at 
14 mm., having a density 1-4578 at 12° C. 

Lead tetra-isobutyl occurs as white plates, M.pt. —28° C., 
density 1-3240 at 20-2° C. 

Lead tetra-isoamyl has a density of 1-2332 at 20-5° C. 

^ Cahours, Annahrty 1862, 122 , 67. 

* Butlerow, Jahresber.f 1863, p. 476. 

* Griittner and Krause, 1916, 49 , 1415. 

* Ghira, QazzeUay 1894, 24 , i. 44. 

Buckton, Annahn, 1859, 109 , 222; 1861, 112 , 226; Fraiikland and Lawrance, 
Trans. Chem. Soc.^ 1879, 35 , 246. 

® Pfeiffer and Truskier, Rcr., 1904, 37 , 1128. 

’ Meyer, Chem, News, 1926, 131 , 1 . 

® Jolibois and Normand, Compt, rend., 1924, 179 , 27. 
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Alkyl Derivatives of the Type RgPbR'.^ 

The method of preparation of this type of comj30und consists in 
treating lead trialkyl halides with magnesium alkyl halides, the reaction 
proceeding smoothly, and giving 90 to 95 per cent, yields. These bodies 
are colourless, easily mobile, and extraordinarily volatile—the tri¬ 
methyl series at ordinary pressures soon becoming undecomposed boiling 
liquids, and in the pure state they can be kept in contact with air for 
a month without decomposing, provided that the light is excluded. In 
sunlight or direct daylight, however, they soon give brown precipitates, 
and the separation of metallic lead has been noticed. To ensure the 
production of pure compounds, the Grignard reagent must only be in 
slight excess, and the trialkyl lead halide must be free from lead halide. 
The separation of the mixed lead alkyls from their reaction products is 
carried out simply in the following manner: At the first distillation, 
the com])ounds of the triethyl scries come over almost entirely, and the 
first and second runnings are quite distinct within a few degrees. These 
mixed compounds resemble the simple lead alkyls in their properties, 
and at very low temperatures solidify to glassy, amorphous masses. 
They immediately reduce alcoholic silver nitrate, and with halogens all 
the compounds, with the exception of lead rnetliyl triethyl, split off a 
methyl or ethyl group. The compounds thus formed of the type 
Mcg.Alk.Pb.Hal., form important starting-points for the preparation 
of mixed lead tetra-alkyls of the types Mea-Pb.Alk.g and Meg.Pb.Alk'. Aik. 
The bodies are highly poisonous, and possess a fruity smell, sometimes 
resembling raspberries, but the smell may be concealed by certain 
radicles, such as the isoamyl. 

Lead trimethyl ethyl. —To the magnesium compound from L3*5 
grams of ethyl bromide (0125 mol.) in absolute ether, 28-8 grams 
of lead trimethyl chloride or 33*2 grams of lead tri methyl bromide are 
added, and after the initial reaction has subsided the whole is heated 
for two hours on the water-bath. The thick paste thus obtained is 
decomposed by water, the flask being cooled in ice, and the ether separ¬ 
ated off. One quarter of the volume of the latter is distilled off, and the 
remainder fractionally distilled, the receiver being cooled in carbon 
dioxide-ether mixture. The yield is 85 per cent., and the compound 
boils at 27° to 28° C. at 10 to 11 mm. The product thus obtained is a 
colourless, mobile, and easily volatile oil, very inflammable, and yielding 
lead oxide on burning. 

The lead estimation is carried out as follows : The substance is 
dissolved in ten times its weight of carbon tetrachloride, cooled, and a 
large excess of a 10 per cent, solution of bromine in the same solvent 
added. The mixture is taken almost to dryness on the water-bath, then 
boiled a short time with a little absolute alcohol, and well cooled, the 
precipitate, which consists of pure lead bromide, being filtered on a 
Gooch crucible and washed with ice-cold alcohol. 

Lead trimethyl n-propyl is prepared by the interaction of lead 
trimethyl chloride or bromide and magnesium n-propyl chloride, when 
a 90 per cent, yield is obtained. In the vacuum distillation the receiver 
must be cooled to at least -10° C. to avoid loss, the properties of the 
body being the same as the above compound. 

'' ^ Griittner and Krause, 5cr., 1916, 49 , 1126. 
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The following bodies are obtained in a similar manner, the yields 
being indicated : lead trimethyl n-hutyl (80 per cent.); lead trimethyl 
isohutyl (90 per cent.); lead trimethyl isoamyl (80 per cent.). Sub¬ 
stituting lead triethyl chloride or bromide for the trimethyl compound, 
the following are isolated : lead 7nethyl triethyl (90 per cent.) ; lead 
triethyl n-propyl (95 per cent.); lead triethyl isohutyl (92 per cent.); 
lead triethyl isoamyl (94 per cent.). 

The physical constants of the compounds are shown in Table XIX. 
of the Appendix. 

Lead tetra-alkyls containing one or two secondary radicles can easily 
be obtained by the action of lead alkyl mono- or dihalides on secondary 
magnesium alkyl halides, whilst those containing three secondary 
radicles are derived primarily from the tetra-alkyls.^ Table XX. of the 
Ap})erjdix gives a list of these com})ounds, together with their physical 
(constants. 

Alkyl DerivaMves of the Type R.PbRj,'* 

In the ]ire]>aration of these compounds it has bc(‘n found advan¬ 
tageous to make a paste* of tlie lead dialkyl halides, and then add this 
to the Lrignard reagent. The pro})erties of the compounds are similar 
to those described for the lead trialkyl alkyls. The simplest member of 
this scries, lead dimethyl diethyl, has given rise to some discussion 
regarding its physical constants. It was prepared by the action of 
magnesium methyl iodide on lead diethyl chloride. Its properties are 
shown below : 

(iriittner and Krause: ® 

B.pt. 51° C. at 13 mm. ; density, 1*7906 at 20 ° C.; 1-5177; ntf—jic 0-01785 at 20 ° C. 

B.iDt. 54° C. at 18 mm. 

Moller and Pfeiffer: ® 

B.pt. 52° C. at 14 mm. ; density 1-7851 at 20° C. ; ni> 1-5164 ; iip—nc 0-01832 at 20° C. 

Table XXI. of the Appendix gives a list of the compounds made up 
to the present time together with their physical constants. 

Alkyl Derivatives of the Type RgPbR'R". 

Halogen substitution products of lead alkyls with secondary alcoholic 
radicles have been isolated ^ by the reduction of ketones at a lead 
cathode, when a mixture of stable and unstable lead alkyls is produced. 
The compounds containing one or more secondary radicles are produced 
in the usual way from lead alkyl mono- or dihalides. Since, however, 
the lead atom seems less firmly attached to a secondary than a primary 
group, the following compounds differ from the tetra-alkyls containing 
normal radicles. They are unstable in air, and the secondary radicle 
is expelled by bromine at —75® C., even before a lighter group. If 
the compound contains two secondary groups, both are split off, whereas 
with normal radicles only one is removed at this temperature. 

Compounds of the above type, together with their physical constants, 
are shown in Table XXII. of the Appendix.^ 

^ (h’iittiK'r and Krause, Her., 1917, 50 , 278, 574. 

2 Griittner and Krause, ibid,, 1910, 49 , 1546. 

2 Moller and Pfeiffer, J^r., 1916, 49 , 2441. 

* Tafol, Rer., 1911, 44 » 334. 

Griittner and Krause, Rcr., 1917, 50 , 202, 574. 
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Alkyl Derivatives of the Type RR'R"R'"Pb.^ 

Lead methyl ethyl n-propyl n-butyl. —Lead dimethyl ethyl n- 
propyl is bromiiiated at —75° C., when one methyl group is split off 
and the bromide formed. The latter is then treated with n-butyl 
magnesium bromide, the above compound being obtained in 90 per 
cent, yield. It has B.pt. 103° C. at 13 mm. ; density 1*5068 at 23*5° 
C. ; 111)1*5072; Uk-Hc 0*01607 at 22*4° C. 

Lead methyl ethyl n-propyl isoamyl is prepared from the 
bromination product of lead diethyl propyl isoamyl and methyl mag¬ 
nesium chloride in 85 per cent, yield. It boils at 115° C. at 15 mm. ; 
density 1*4792 at 21° C. ; rina 1*50189; ni> 1*50636; 1*51747; 

Tilly 1*52720 at 21° C. 

Lead ethyl n-propyl n-butyl isoamyl is obtained in 75 per cent, 
yield by treating the bromination jiroduct of lead methyl ethyl u- 
propyl n-butyl with isoamyl magnesium chloride. It boils at 144° C. at 
14 mm, ; density, 1*3699 at 23*3° C. ; ni> 1*5028 at 21*5° C. ; Hf-iu, 
0-01473. 


Alkyl Derivatives of the Type RgPbX. 

Lead trimethyl chloride, Pb(CH 3 ) 3 Cl.^—^When hydrochloric acid 
reacts with lead tetramethyl, one methyl group is displaced, and the 
solution on cooling deposits glistening needles of the above compound. 
If the substance be recrystallised from water it appears in prisms. The 
body is somewhat soluble in boiling alcohol, and can be sublimed. It 
has been more recently prepared ® by the chlorination of lead tetra¬ 
methyl at —60° C. in ethyl acetate solution. It is stated to be the most 
difficultly soluble of all the lead trialkyl halides, but easily soluble in 
ethyl acetate, and insoluble in light [letroleum. It gradually sublimes at 
187° C., but more rapidly at 195° C. Lead trimethyl hromids is prepared 
by similar methods to the chloride, and forms white prisms from ethyl 
acetate, which sinter at 131° C. Lead trimethyl iodide is formed by the 
interaction of lead tetramethyl and iodine. It crystallises in colourless 
needles from alcohol, is sparingly soluble in water, and sublimes un¬ 
changed on heating. When the iodide is distilled with caustic alkali, 
lead trirnelhyl hydroxide is formed. The fluoride crystallises in needles, 
density 3-53 at 16° C., which explode feebly about 305° C.^ 

Lead triethyl chloride, prepared in the usual way, forms white 
needles, M.pt. 172° C.® The compound is easily soluble in alcohol and 
ether. The bromide crystallises from ether in needles, M.pt. 103° to 
104° C.; but the iodide is an oil, and has not been obtained in a pure 
state.® 

Lead triethyl hydroxide may be obtained from the chloride by 
means of alcoholic potassium hydroxide; it is strongly alkaline, difficultly 
soluble in water, and readily forms salts. Lowig isolated the sulphate, 

^ Griittner and Krause, Ber., 1917, 50 , 209. 

2 Oahours, Annakn, 1862, 122 , 48. 

® Griittner and Krause, Ber,, 1916, 49 , 1416. 

* Krause and Poiiland, Ber., 1922, 55 , [B], 1282. 

* Buokton, Annakn, 1869, 112 , 227; jPfeiffer and Truakier, Ben, 1904, 37 , 1126 ; 
Griittner and Krause, loc, cit ; Oahours, Zoc. cit. 

* Ldwig, Annakn, 1863, 88 , 318; Klippel, Jahr^ber,, I860, p. 381; J. prakl, Ohem,,, 
I860, [I], 81 , 286. 
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which crystallises in octahedra, insoluble in water, alcohol, or ether, and 
the nitrate^ which is easily soluble in alcohol or ether. The following 
derivatives are also known : the carbonate^ a crystalline powder, in¬ 
soluble in water, with difficulty in alcohol or ether ; the thiocyanate^ 
which crystallises from ether, soluble in water or alcohol; the cyanide^ 
prisms from ether, insoluble in water, soluble in alcohol, decomposing 
with explosion and scj)arution of metallic lead when heated ; the 
phosj^hate, soluble in the above solvents ; the formate, acetate, butyrate, 
oxalate, and ditartrate, all of which are easily soluble in water, alcohol, 
or etlicr. Txvo double salts of lead triethyl chloride are also known, 
PbKt 3 Cl.IIgCl 2 ii^ud ‘iPbEtaCl.PtCl^, tlie latter being dilTicultly soluble 
in water, but easily in alcohol or ether. The fluoride crystallises in 
prisms, density 2*48 at 16*^ C., decomposing about 240° C. 

Lead tri-n-propyl chloride. —^'Twenty grams of n-propyl iodide 
in dry ether are treated with 2-7 grams of magnesium, and after the latter 
has dissolved, 2 grams of lead chloride are added in small portions, and 
the mixture boiled for two hours. After decomposition with water the 
ether layer is separated off, and dried over calcium chloride. Into the 
well-cooled ether solution, which now contains lead tctra-n-propyl, dry 
hydrogen chloride is ])asscd, until a })reeij)itate begins to appear. The 
ether is then se])arate(l off, and tluj residue dissolved in alcohol, and after 
taking this to dryness the residue is crystallised from alcohol or ligroin, 
when Hat, colourless needles are obtained, M.pt. 137° C. Tlic compound 
is s])aringly soluble in water, more soluble in alcohol, ether, chloroform, 
benzene, or ligroin. It does not combine with pyridine, but when shaken 
with moist silver oxide, lead tri-n-propyl hydrodde is obtained. The 
latter compound absorbs carbon dioxide from the air, and yields salts 
with acids. With hydrogen bromide the bromide is obtained, which 
crystallises in needles, M.pt. 82° C., and has the same solubility as the 
chloride. The sulphate, from sulphuric acid and the hydroxide, is easily 
soluble in water, but insoluble in the usual organic solvents. Its solu¬ 
tion in concentrated sulphuric acid soon becomes turbid, at the same 
time emitting numerous small bubbles. The compound decomposes 
when heated, before melting. The acetate crystallises in colourless 
needles, M.pt. 110° C., soluble in the usual organic solvents. The 
fluoride crystallises in bushy needles, density 1*50 at 18° C., exploding 
at about 235° C. 

Lead tri-n-butyl chloride is obtained from magnesium butyl 
iodide, and lead chloride, the product being treated with hydrogen 
chloride as above. It forms colourless, flat needles which melt to a clear 
liquid at 109° to 110° C., and have a similar solubility to the propyl 
compound. The hydroxide is prepared by dissolving the chloride in 
aqueous alcohol and shaking with silver oxide. The solution in water 
has an alkaline reaction, and absorbs carbon dioxide from the air. 
When treated with hydrogen bromide a white precipitate of lead tri-n- 
butyl bromide separates, which may be recrystallised from ether or 
chloroform. 

Lead tri-isobutyl chloride ^ melts at 122°C. without decomposition; 
the bromide has M.pt. 107° to 108° C. ; the iodide forms yellow plates, 
which decompose when heated; the fluoride forms prisms, decomposing 
at about 280° C. and having a density of 1*50 at 17° C. 

^ Pfeiffer, Truskier, and Disselkamp, Ber., 1916, 49 , 2446. 

* Griittner and Krause, Ber,, 1917, 50 , 278. 
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Lead tri-isoamyl chloride.^ —^This compound is stated to be 
crystalline, but no melting-point is given. The bromide sinters at 129® 
C. and melts at 132® to 133® C.; the iodide^ which was originally obtained 
by heating sodium-lead alloy with isoamyl iodide, and treating the 
reaction product with iodine, crystallises in yellow plates, which are 
insoluble in water, and with difficulty in alcohol or ether. It forms an 
addition product with mercuric iodide, Pb(C 5 Hii) 3 l.Hgl 2 . The free 
base, lead tri-isoamyl hydroxide, is prepared from the iodide by means of 
silver oxide. The forms long, colourless needles, density 1*4(> 

at 17® C., decomposing at about 251° C. 

Alkyl Derivatives of the Type R^PbXg. 

Lead dimethyl dichloride, ^ Pb(CH 3 ) 2 Cl 2 .- When lead tetra- 
alkyls are treated with halogen at —20° C. two alkyl groups are re¬ 
moved. The dichloride is practically insoluble in most organic solvents, 
and has a strong acid reaction in warm water. The oxide dissolves in 
weak acids and in caustic alkalies. The sulphide is soluble in hydro¬ 
chloric acid or ammonium sulphide, insoluble in acetic acid, but the 
chromate is soluble in the latter. The dibromide has similar properties 
to the dichloride, and a di-iodide has also been prepared. 

Lead diethyl dichloride may be prepared as above or from lead 
diethyl diplienyl by the action of hydrochloric acid or by thallic chloride.^ 
It crystallises from alcohol in pale yellow needles. The corresponding 
dibromide is prepared from lead diethyl diphenyl by the action of 
dry hydrogen bromide. It crystallises in glistening, yellow prisms, 
which become white on long standing in air, and are decomposed by hot 
solvents. 

Lead di-n-propyl dichloride is more stable than most of the lead 
dialkyl dichlorides. In contact with water or alcohol at 30° C. it slowly 
splits off lead chloride, and when heated to 228° C. it decomposes. 

Lead di-isobutyl dichloride crystallises in white plates from hot 
alcohol, and the dibromide melts at 102° to 103° C. with decomposition. 

Lead di-isoamyl dichloride decomposes at 108° C., and the 
dibromide sinters at 93° C. 

Alkyl Denvative of the Type RgPbX'X". 

Lead di-isobutyl chlorobromide melts with sudden decomposition 
at 110° C. 


AlJcyl Derivatives of the Type RR'PbXg.^ 

Lead methyl ethyl dichloride.—Twenty grams of lead trimethyl 
ethyl in 100 c.c. of ethyl acetate are chlorinated at —75° C., whereby 
the monochloride is obtained. This on chlorination without cooling 
yields the dichloride in quantitative yield. It is fairly soluble in warm 
water and alcohol and crystallises on cooling in hair-fine needles, which 
are not so well formed as those of lead dimethyl or diethyl dichlorides. 

1 Klippel, Jahreeber,, 1860, p. 381; Griittner and Krause, Ber., 1917, so, 278. 

* Griittner and Krause, Rer., 1916, 49 , 1415. 

* Moller and Keiffer, Ber,, 1916, 49 , 2441; Goddard and Goddard, Trans, Ghem, 
Soc., 1922, Z2I, 482. 

* Griittner and Krause, Ber,, 1917, 50 , 209. 
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In pyridine’ or dimethylaniline it dissolves with extraordinary ease, and 
heat is evolved. The pyridine addition product crystallises from 
alcohol in centimetre needles, but lead chloride separates on keeping. 
The aqueous solution of lead methyl ethyl dichloride has a feeble acid 
reaction, and the compound is easily soluble in potassium hydroxide, 
sparingly in ainmoniurn hydroxide. Hydrogen or ammonium sulphides, 
from neutral, feebly alkaline, or very dilute acetic acid solutions, ])re- 
(;ipitate a white sulphide^ soluble in hydrochloric acid or excess of 
ammonium sulphide. Potassium iodide solution gives a canary yellow 
di’iodide, insoluble in acetic acid, easily soluble in hydrochloric acid. 
With potassium chromate a bright yellow chromate is formed, easily 
soluble in acetic acid. 

Lead ethyl isoamyl dichloride is obtained in quantitative yield 
by chlorination of lead diethyl isoamyl chloride. It crystallises in 
j)latcs, s])aringly soluble in water, insoluble in ether, ethyl acetate, or 
l)eir/cne. 

Lead n-propyl isobutyl dichloride occurs in shining plates. 

Lead n-propyl isoamyl dichloride is obtained from lead methyl n- 
propyl isoamyl chloride, and crystallises from hot alcohol, in which it is 
easily soluble, ir^ plates, insoluble in benzene, ether, ethyl acetate, or 
water. The sulphide may be obtained in the usual way, and it is readily 
soluble in alcoholic ammonium sulphide, sparingly in aqueous ammonium 
sulphide. 

Lead ethyl isobutyl dibromide forms a snow-white, line powder, 
soluble in small (quantities in warm alcohol. 

Lead n-propyl isobutyl dibromide crystallises from ether in 
glistening plates. The sulphide is pale yellow. 

Lead isobutyl isoamyl dibromide forms plates, M.pt. 95° C. 

Alkyl Derivatives of the Type RgPb.^ 

Lead triethyl, EtgPb.—Sixty-five grams of lead triethyl chloride, 
covered with 100 c.c. of distilled water, are treated with 40 c.c. of 5- 
Normal sodium hydroxide and the mixture stirred until solution is 
complete. Addition of 200 c.c. of 5-Normal sodium hydroxide pre¬ 
cipitates the lead triethyl hydroxide, which is seq>arated. Sixty grams 
of the latter in 200 c.c. of 95 per cent, alcohol arc electrolysed with lead 
electrodes, using a current density of 0-01 amperes per sq. cm. Lead 
triethyl forms as an oil at the cathode. It is pale yellow in colour, 
density 1-94, and readily oxidised in air, giving a yellowish j)owder. 
It may be distilled in steam, and at 2 mm. pressure it boils at 100° C., 
but it decomposes when distilled at ordinary pressure. It is still liquid 
at - 80° C. In dilute solution it corresponds to the simple formula, 
Kt 3 Pb, but at higher concentrations exists as EtePbg, this property 
being similar to that of the corresponding aryl compounds. 

Aryl Derivatives of the Type R 4 Pb. 

Lead tetraphenyl, Pb(CeH 5 ) 4 .—This body was first prepareci ^ from 
sodium-lead alloy, bromobenzene, and ethyl acetate by heating the 
mixture to boiling in an oil-bath for sixty hours. It is much more 

^ Midgley, Hochwalt, and Oalinga^rt, J, Amer, Chem, Soc„ 1923, 45 , 1821. 

» Polis, Ber,, 1887, 20 , 716. 
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readily obtained by use of the Grignard reagent,^ the course of the 
reaction being represented as follows :— 

2lM)C l2 [ 4( ell5MgJlr--Pb 1 Pb((^^J 
The following method of (‘onducting the experiment is said to give a 
50 ])er cent, yield.^ To the (irignard solution from 12*15 grams of 
magnesium, 7S*5 grams of f)romobenzene and 200 e.e,. oj‘anhydrous etlier, 
400 e.e. of dry benzene an' added, and (ui grams of finely divided 
lead chloride in oric lot. After boiling for eight hours, the whole is 
f)oured into hydroehlorie aeid containing ie(‘, and tlien filtered. The 
solid lead tetraphenyl, etc., is boiled with 300 e.e. of benzene for a 
few minutes and then filtered, the cool filtrate yielding a crop of pure 
lead tetraphenyl. The crystals are removed and the filtrate used to 
make three further extractions of lead tetraphenyl. The benzene 
extraction liquor is then added to the ether-benzene layer which forms 
the filtrate when the Grignard reaction mixture is hydrolysed and 
filtered. Eva]3oration of tliesc solvents yields 6 to 10 grams of lead 
tetraphenyl. The total yield is about 20 grams. 

Lead tetrajihenyl crystallises in small, white needles, M.})t. 224° to 
225° C., whicli distil unchanged at about 240° 

The body shows decom]>osition if heated above 270° and burns 
in air with a. reddish flame and the se])aration oi* lead oxide. It is 
moderately soluble in chloroform, benzene, or carbon bisulphide when 
hot, and diflieultly soluble in alcohol, ether, ligroin, or acetic acid. If 
heated in a sealed tube witli hydrochloric aeid deeom]^osition oee\irs, 
lead tetrachloride and benzene being produced. By the action of 
halogens or concentrated nitric acid two ])henyl groups are s])lit off, 
and a lead diphenyl dihalide or dinitrate formed. A .similar action 
takes place with iodic acid, formic, acetic, trichloracetic, propionic, 
valeric, and p-nitrobenzoic acids.® \^lth metallic chlorides the follow¬ 
ing derivatives are formed : arsenic trichloride —>“ lead diphenyl 

dichloride and dij)hcnyl arsenious chloride; antimony trichloride -> 

lead diphenyl dichloridc and diphenylstibine chloride; antimonypenta- 
chloride —> lead diphenyl dichloridc and diphenylstibine trichloride; 
bismuth tribromide —> lead diphenyl dichloride and diphenylchloro- 

bismutliine; thallic chloride-^ lead diphenyl dichloride and thallium 

diphenyl chloride; ® tellurium tetrachloride-lead diphenyl dichloride 

and tellurium diphenyl dichloridc. 

Lead tetraphenyl ^ crystals have been shown to belong to the tetra¬ 
gonal system, the axial ratio, a: c~l: 0-3808, the corresponding tin 
compound giving a : c=l : 0-38935, and silicon tetraphenyl, a:c=: 
1 : 0*43969, the three compounds being isomorphous, the value of the 
principal axis decreasing with increase in atomic weight of the grouping 
element. 

Lead tetra-p-tolyl may be prepared by heating under reflux 120 
grams of p-bromotoluene, 300 grams of sodium-lead amalgam, 40 grams 
of toluene, and 4 c.c. of ethyl acetate for fifty hours in an oil-bath. 

' Pfeiffer and Truakier, Ber., nK) 4 , 37 , 1125. 

^ Gilman and Robinson, J. Anther. Chem. Soc,j 1927, 49 , 2315. 

® Zeebmeister and Csabay, Ber,, 1927, 60 , [B], 1617. 

^ Polis, Ber., 1887, 20 , 7i6. 

® Goddard, Ashley, and Evans, Tram. Chem. Soc., 1922, I2i, 978. 

* Goddard and Goddard, Tram. Chem. Soc.^ 1922, I2I, 256. 

’ Polis, loc. cit. 
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After subjecting this mixture to vacuum distillation the residue is 
extracted with hot benzene, the solution on cooling depositing white 
needles, from which the ditolyl can be removed by treatment witli 
alcohol. The colourless needles of the pure compound melt at to 
240" C. to a liquid whicli decomposes at 254" C. It is more easily 
soluble than the corresponding phenyl compound in benzene, carbon 
bisulphide, or chloroform, and is difficultly soluble in boiling alcohol. 
Lead tetmbenzyl is not obtained by this reaction. 

Lead tetracyclohexyl, Pb(CeHn)4.i—To a solution of 28 grams of 
magnesium cyclohexyl bromide in 100 grams of ether, 10 grams of 
dried lead chloride are added, the reaction going smoothly, and finely 
divided lead separating out. After six hours’ boiling the mixture is 
decomposed by very dilute hydrochloric acid, the ether removed, and 
the residue triturated with absolute alcohol, quickly dried, and crystal¬ 
lised from benzene. The compound separates in canary yellow plates, 
which slowly decompose with se|)aration of lead at 200" C., and if rapidly 
heated to 225" C. explode.^ 

Lead tetra-p-xylyl, Pb[(Cll3)2C6ll3l^.—This is isolated by treating 
the magnesium conqiound from p-bromoxylene (004 mol.) with tri- 
p-xylyl lead bromide (0 01 mol.). The compound melts to a clear 
liquid at 255° C., but at 270° C. decomposes with the separation of 
metallic lead. It crystallises from benzene in plates, and is easily 
soluble in chloroJorm, with difficulty in ether, and insoluble in alcohol.^ 

Lead tetra-a-thienyl is prepared in the same way as the correspond¬ 
ing tin compound. It melts at 154*5° C. (corr.).'* 


Aryl Derivatives of the Type RyPbR'. 

The general method of preparation of these bodies is as follows : 
Fifty grams of lead trij)henyl bromide is added in small quantities, with 
continual shaking, to an ice-cooled solution of one and a half times the 
calculated quantity of magnesium aryl bromide, in 400 c.c. of ether. 
When the reaction ceases the ])roduct is boiled for one to two hours under 
rellux, then cooled and decomposed with aqueous ammonium chloride 
solution. The ether layer is separated off, dried, and after evaporation 
the residue is recrystallised from alcohol or alcohol-ether.^ 

Lead tripheiiyl p-tolyl forms hair-line needles, M.pt. 125*5° C., 
decomposing about 260° C. 

Lead triphenyl p-xylyl, Pb(C6H6)3A:8lIi„ crystallises from dilute 
alcohol in needles, M.pt. 125*5° C. It is easily soluble in ether, benzene, 
or chloroform, slightly so in cold alcohol, more readily in hot alcohol. 

Lead triphenyl m-xylyl crystallises from alcohol in star-like 
groups of rod-shaped crystals, M.pt. 111-5° to 112° C. 

Lead triphenyl p-phenetyl crystallises from alcohol in line, white 
needles, M.pt. 119° to 120° C. 

1 Grtittncr, Ber„ 1914, 47 , 3257. 

* Tills body has also been obtained by the interaction of lead tricyclolicxyl bromide and 
magnesium cyolohexyl bromide (Krause, Ber., 1921, 54 , [B], 2066). Krause states that his 
preparation ^came yellow at 130° 0., and blackened at 160°, and it crystallised in colour¬ 
less, rectangular plates, easily soluble in hot benzene, sparingly in alcohol. 

* Krause and Schmitz, Ber., 1919, 52 , [B], 2165. 

* Krause and Renwanz, Ber., 1927, 60 , [BJ, 1682. 

^ Krause and Schmitz, Ben, 1919, 52 , [B], 2160. 
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Lead triphenyl cyclohexyl, Pb(CeH 5 ) 3 .C 8 Hii, forms flat lancets, 
M.pt. 119° C. 

Lead triphenyl a -naphthyl crystallises from hot alcohol in char¬ 
acteristic flat, yellow, warty tufts of needles, M.pt. 101° C., which arc 
easily soluble in ether, benzene, or chloroform. 

Lead triphenyl p-phenoxyphenyl forms microscopic white 
crystals, melting at 127° C. and decomposing at 260° C.^ 

Aryl Derivatives of the Type RgPbR'g- 

Lead diphenyl di -a -naphthyl, Pb(C 8 H 5 ) 2 (Cj 8 ll 7 ) 2 . This is ob¬ 
tained as a snow-wliite, granular, crystalline powder by the interaction 
of lead diphenyl dibromide and magnesium a-na])hthyl bromide. The 
product melts at 197° C., lead separating at a higher temperature, and 
it is soluble in ether, benzene, or hot aleoliol. It reacts with thallic 
chloride according to the equation: ^ 

Lead diphenyl di-o-tolyl.^ - To a solution of 5-6 grains of o-bromo- 
toluene and 0-8 gram of magnesium in dry ether, 5 grams of lead 
diphenyl iodide are slowly added. After the reaction has subsided, the 
mixture is heated for half an hour on the water-bath, cooled, and 25 c.c. 
of toluene added, the whole then being decomposed with dilute 
hydrochloric acid. The toluene-ether layer is separated, the solvents 
removed, and the residue subjected to steam distillation to remove 
the last traces of toluene. An oil is obtained which soon solidilies to a 
yellow mass; this when crystallised from alcohol apjiears as white 
needles, sintering at 129° C., and melting at 134° to 135° C. It is readily 
soluble in cold chloroform and in hydrocarlxms. 

Lead diphenyl dicyclohexyl may be prepared either by the inter¬ 
action of magnesium cyclohexyl bromide and lead diphenyl dibromidc or 
magnesium phenyl bromide and lead dicyclohexyl dibromide. It forms 
pale yellow needles, M.pt. 178° to 180° C., the yellow liquid soon de¬ 
positing metallic lead. The compound is soluble in alcohol, benzene, 
carbon tetrachloride, or ethyl acetate.^ 

Lead diphenyl di-p-xylyl forms colourless, prismatic rods, M.pt. 
94° C., decomposing at about 250° C., easily soluble in benzene, chloro¬ 
form, or ether, sparingly in cold alcohol.® 

Aryl Derivatives of the Type AlkgPbAr. 

The general equation for the preparation of this type of compound is 
as follows :—® 

Alk3Pb.Hal+Ar.Mg.Hal=Alk3PbAr.+Mg.IIal2 

The lead trialkyl aryls are colourless, oily, strongly refracting liquids, 
having a faint, characteristic odour. They are insoluble in water, but 

1 Krause and Schl5ttig, Rer., 1925, 58 , [B], 427. 

® Goddard and Goddard, Trans, Chem, Soc,, 1922, 121 , 485. 

’ Lederer, Ben, 1916, 49 , 349. 

* Griittner, Ben, 1914, 47 , 3257. 

^ Krause and Sohldttig, ioc. cU, 

‘ Griittner and Griittner, Ben, 1918, 51 , 1293. 
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miscible with the usual organic solvents. Under a pressure of 18 to 
16 mm. they boil without decomposition in a carbon dioxide atmosphere, 
the only exception being lead triethyl benzyl, which shows a separation 
of dibenzyl. The compounds decompose at 200® C. w^ith separation of 
lead and feeble explosion, burning with a reddish flame, and giving lead 
oxide. The trimethyl compounds are volatile in steam, and all the 
derivatives when treated with bromine in ethereal solution at - 75® C. 
s]^lit off an alkyl or aryl group. 

The crude products are obtained from 0-2 mol. of lead trialkyl 
bromide, and 0*3 mol. of ethereal magnesium aryl halide, the mixture 
being boiled for several hours under reflux, then decomposed with water, 
the ethereal layer washed with 10 per cent, alkali, then sulphuric acid, 
and the ether distilled off. The bromination of these com]>ounds at 
- 75® C. is carried out by adding to an ethereal solution of the lead com- 
]30und, a solution of bromine in the same solvent, until the colour of the 
bromine pc^rsists. Aryl bromide and lead trialkyl bromide result. In 
the ease of lead trictliyl benzyl, both an alkyl and a benzyl group are split 
off, this being analogous to the action of bromine on lead alkyls con¬ 
taining a secondary alkyl group. A list of these compounds is given 
in Tabic XXIII. of the Appendix. 


Aryl Derivatives of the Type AlkgPbArg. 

Lead diethyl diphenylA— To the solution from 15 grams of ethyl 
bromide and 3 grams of magnesium in 200 c.c. of dry ether, 11 grams of 
lead diy)henyl bromide (obtained by the action of bromine on lead tetra- 
phenyl) are added, the mixture being well shaken. The whole is boiled 
for an hour, (.‘ooled in ice, and decomposed with dilute hydrochloric acid. 
The ethereal layer is dried over calcium chloride, the ether eva})orated off, 
and the residue distilled in vaeno at 20 mm. It is a colourless, very 
strongly refractive liquid, which show^s partial decomposition when 
distilled, metallic lead separating out. Yield about 5 grams. 

When treated with hydrochloric acid or chlorine, two phenyl groups 
are split off, and with thallic chloride it reacts as follows :— 

Pb(C2H5)2(CeIl5)2+TlCl3-Pb(C2H5)2Cl2+Tl(CeH5)2Cl 

The specimen of lead diethyl diphenyl used in this reaction distilled at 
182® C. at 16 mm.2 

Lead diethyl di -a -naphthyl^ crystallises from alcohol in white 
prisms, M.pt. 116° C., fairly soluble in ether. 

Aryl Derivatives of the Type llgPbX.^ 

Lead triphenyl chloride, —^When the precipitate obtained by 
shaking lead triphenyl iodide with alcoholic caustic alkali is treated 
with 50 per cent, aqueous hydrochloric acid, a quantitative yield of the 
above chloride is produced. This crystallises from alcohol in snow- 
white needles, which sinter at 204® C. and melt at 206° C. It has the 
same solubility as the bromide. 

1 Holier and Pfeiffer, Ber,, 1916, 49 , 2441. 

* Goddard and Goddard, Trans. Uhem. Soc.^ 1922, 121 , 483. 

* Krause and Schmitz, Ber., 1919, 52 , [BJ, 2150. 

.* Gruttner, Ber., 1918, 51 , 1298; Krause and Schmitz, he. cit. 
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Lead triphenyl bromide.—To a solution of 51-4 grams (O-l mol.) 
of finely powdered lead tetraphenyl in one litre of pyridine, cooled to 
“50*^ C. by solid carbon dioxide, a similarly cooled solution of 0*2 mol. 
of bromine in 200 e.e. of pyridine is added, without rise of temj)erature. 
An orange-coloured product which at first appears, gradually dissolves, 
and after an hour the Avhole is allowed to rise to room temperature and 
stirred. After filtering off the residue tlie solution is concentrated at 
110° C. at 16 mm., a nearly colourless mass being obtained. This is 
triturated with 100 c.e. of methyl alcohol, 100 c.c. of 10 per cent, hydro- 
bromic acid added, tlie whole filtered, and washed free from acid by 
water. After furtlier treatment with methyl alcohol the product is 
practically pure, the yield being 90 per cent, of the theoretical. The 
compound crystallises from methyl alcohol in white, silky needles, 
sintering at 164° C. and melting to a clear liquid at 160° C., the latter 
slowly becoming turbid and lead bromide separating out. It is some¬ 
what soluble in hot cthjd alcohol, ether, or benzene, with difficulty in 
cold methjd alcohol or benzene, and insoluble in water. It dissolves in 
alcoholic sodium or potassium hydroxide, without forming a hydroxide. 
When ra]:)idly heated it explodes, emitting a reddish light and depositing 
metallic lead. In the dry state it docs not affect the mucous membrane 
of the nose to the same extent as the lead alkyl halides. 

Lead triphenyl iodide.^—If tlic mother-liquors of the above 
bromide be treated with potassium iodide, and the product obtained 
crystallised from 'water, the iodide separates in ])alc yellow prisms, 
which sinter at 139° C. and melt sharjily at 142° C. to a canary yellow 
liquid, wdiich soon deposits lead iodide. It is dilficultly soluble in hot 
methyl alcohol, and insoluble in Avater, and is distinguished from all the 
other lead aryl or alkyl iodides by its stability. It does not ap})ear to 
yield an oxide with alcoholic sodium or potassium hydroxide, but a 
white ])recipitate is thrown down, this yielding lead triphenyl chloride 
with 50 per cent, hydrochloric acid. 

Lead triphenyl fluoride forms fine needles, decomposing about 
318° C. ; density 1-82 at 16*5° C. 

Lead triphenyl sulphide is obtained as a white, floeculent pre¬ 
cipitate by passing hydrogen sulphide into a concentrated alcoholic 
solution of the chloride. When freshly made it is remarkably soluble in 
organic solvents, and stable on heating. It is easily soluble in alcohol 
or ammonium sulphide, but not appreciably in water. 

Lead tri-p-tolyl fluoride.^—A solution of the corresponding 
iodide is mixed with an aqueous alcoholic solution of neutral potassium 
fiuoride, the fluoride being precipitated as a micro-crystalline ]>owder. 
It crystallises from much hot alcohol in hair-like needles, decomposing 
at about 280° C. 

Lead tri-p-tolyl iodide^ is obtained by the action of iodine on 
lead tri-p-tolyl. It crystallises in pale yellow, prismatic spears, 2 to 3 
cm. long, melting at 315° C. to a clear yellow liquid, which decomposes 
at about 195° C. with separation of lead iodide. 

Lead tri-p-xylyl chloride.—Lead tri-p-xylyl is changed to the 
bromide, and this with potassium hydroxide yields the hydroxide, which 
is then treated with dilute hydrochloric acid. The chloride crystallises 

^ See Krause and Reissaus, Rer., 1922, 55 , [B], 897. 

* Krause and Pohland, Ber,, 1922, 55 , [B], 1288. 

* Krause and B-eissaus, loc, 
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from alcohol in large, colourless, silvery, rectangular plates, M.pt. 
167-5'' C., decomposing about 195° C. 

Lead tri-p-xylyl bromide.^' -When lead tri-p-xylyl is bromin- 
at(‘d in ])yridine solution at --70° C., simple addition o! the lialogen 
oc(!urs. Tlie compound crystallises from lK)t alcohol in silvery, 
glistening ])lates, M.pt. 177° C., to a clear licpiid. It is easily soluble in 
benzene, chloroform, or hot alcohol. (It should be noted that bromina- 
tion of lead tri-p-xylyl in chloroform solution at —10° C. yields lead 
di-p-xylyl dibromide.) 

Lead tricyclohexyl fluoride is obtained from the hydroxide by the 
action of hydrofluoric acid or from the iodide by neutral ])otassium 
fluoride. From hot alc.oliol small lancets are deposited, which decom])ose 
at about 198° C. Its density at 16*5° C. is 1 *79. 

Lead tricyclohexyl chloride.^ -The hydroxide is treated with 
dilute hydrochloric acid and the j)rodu(‘t recrystallised from hot alcohol. 
It forms y)ale yellow, hair-like needles, decom[)osing at 2i36° C. 

The bromide may be obtained in a similar manner or by direct 
brornination of lead tricyclohcxyl in chloroform solution at —10° C. 
It (trystallises in yellow needles, decomposing at 210° C. 

The iodide, forms glistening, golden yellow, thick prisms, a centi¬ 
metre in length. It melts at 91*7° V. and decomposes at 125° C. It 
is very soluble in benzene or chloroform, fairly soluble in ether or hot 
alcohol, s])aringly in cold alcohol. When shaken in benzene solution with 
00 j)er cent, potassium hydroxide it yields the hydroxide, a white, amor¬ 
phous powder which has not been isolated in a crystalline form. 

Aryl Derivatives of the Tyjyc Hgl^bXa. 

Lead diphenyl dichloride, (C6ll5)2FbCl2.‘^ This is obtained by 
passing dry chlorine into a carbon bisulphide solution of lead tetra- 
phenyl and warming the mixture, when a white precipitate ajjpears, 
which is washed with carbon bisulj)hide to remove chlorobenzene. It 
may also be prepared by heating lead tetraf)henyl with the chlorides 
of arsenic or antimony, bismuth bromide, thallic chloride or stannic 
chloride in xylene solution.^ A third method consists in treating the 
coiTes])onding dinitratc with potassium chloride. I.ead diphenyl di¬ 
chloride is insolul)le in alcohol or ether, slightly soluble in chloroform, 
benzene, or carbon bisulphide. It decomposes on melting, and when 
treated with silver nitrate the chlorine is removed, giving the dinitrate. 
Witli pyridine it forms a molecular compound (CgH5)2PbCl2.4C5H5N.® 

Lead diphenyl dibromide.® -By treatment of the dinitrate with 
potassium bromide, the dibromide is isolated as a wdiitc powder which 
decomposes on heating, but does not melt, and appears to be more 
soluble than the di-iodide. It may also be obtained by direct brornination 
of lead tetraphenyl in chloroform solution. The following addition com¬ 
pounds have been isolated, (CgIl5)2PbBr2.4C6ll5N and (CeHs)2PbBr2. 
2NH3. The latter is formed when ammonia is passed through a U-tube 

1 Krause and Schmitz, Ber., 1919, 52, [B], 2165. 

2 Krause, Ber., 1921, 54, [B], 2065. 

2 Polis, Ber., 1887, 20, 3331. 

* Goddard, Asliley, and Evans, Tram. Chem. Soc., 1922, 121, 978; Goddard and 
Goddard, ibid., 1922, 121, 256. 

® Pfeiffer, Truskier, and Dissolkamp, Ben, 1916, 49, 2445. 

« Polis, Ben, 1887, 20, 716. 
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containing lead diphenyl dibromide, but by passing air over the com¬ 
pound the ammonia is split off again. 

Lead diphenyl di-iodide. —Lead tetraphcnyl in chloroform solution 
is treated with a solution of iodine in the same solvent, until a permanent 
colour of iodine remains. The solution on evaporation gives golden 
yellow needles of the iodide. The same result is obtained by the action 
of potassium iodide on lead diphenyl dinitrate. The compound melts at 
101 ° to 103° C., and is easily soluble in chloroform, alcohol, or benzene. 
When its alcoholic solution is treated with silver nitrate, silver iodide and 
lead diphenyl dinitrate are formed. 

Lead diphenyl dinitrate, Pb(C 6 ll 6 ) 2 (N 03 ) 2 , 2 H 20 .- When lead 
tetraphenyl is added to a boiling solution of nitric acid (density 1*4), 
two phenyl grou})s are si:)lit off, and on cooling, tlie nitrate is deposited in 
small, glistening plates. These are purified by crystallisation from water 
containing nitric acid, the pure comj^oiind being fairly soluble in hot 
water or alcohol, and exploding on heating, without melting. When a 
hot aqueous solution of the nitrate is treated with ammonia, a white 
precipitate of the basic nitrate is thrown down, Pb(Cell 5 ) 2 ( 0 H)N 03 . 
This also explodes without melting when heated, and by treating tlie 
normal nitrate with hot pyridine, and slowly cooling the solution, the 
following compUx is deposited, Pb(C 6 H 6 ) 2 (N 03 ) 2 . 4 C 5 H 5 N. 

Lead diphenyl iodate ^ is a crystalline powder, formed by heating 
together lead tetraphenyl and iodic acid in xylene solution. It is in¬ 
soluble in the usual organic solvents. 

Lead diphenyl oxide may either be obtained by treating lead 
diphenyl halides with ethyl alcoholic potassium hydroxide ^ or by 
adding a boiling solution of sodium hydroxides to a solution of lead 
diphenyl nitrate.** The oxide is precipitated as a white powder, which 
does not melt, and volatilises without decomposition. It is strongly 
basic in character, and is insoluble in the usual organic solvents, also in 
sodium and potassium hydroxide. 

Basic lead diphenyl carbonate, [(C 6 H 5 ) 2 Pb. 0 H] 2 C 03 .- The 
addition of sodium carbonate to a lead diphenyl salt solution causes the 
separation of this carbonate, which is a white, insoluble powder having 
no melting-point. 

Lead diphenyl diformate is deposited in small, colourless needles 
from the solution obtained by boiling lead tetraphenyl and formic acid 
in benzene. It melts with decomposition above 200 ° C. If the formic 
acid be replaced by acetic acid, lead diphenyl diacetate crystallises out in 
white crystals, which are easily soluble in cold water or acetic acid. The 
compound thus obtained has the formula, Pb(C 0 H 5 ) 2 (C 2 H 3 O 2 ) 2 . 2 H 2 O, 
the water-free salt melting at 195° C. Using trichloracetic acid and xylene 
as a solvent, lead diphenyl trichloracetate^ is obtained, which softens 
at 170° to 175° C, and decomposes rapidly at 210 ° C. without melting. 
It has the following constitution, 2 CieHi<, 04 ClePb.C 2 ll 02 Cl 3 . The 
following salts have also been obtained : Acid lead diphenyl propionate^ 
melting to a clear liquid at 168° to 169° C., this decomposing at 280° to 
285° C.; lead diphenyl divalerate, white needles, M.pt. 168° to 170° C.; 
lead diphenyl oxalate, a white, crystalline powder, darkening at 280° C. 

^ Goddard, Ashley, and Evans, Trans, Chem, Soc,, 1922, 121 , 978. 

* Zechmeister and Osabay, Ber,, 1927, 60 , [B], 1617 

* Polls, Ber,, 1887, 20 , 716. 

* Goddard, Ashley, and Evans, he, cit. 
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and decomposing rapidly at 293° to 295° C.; lead diphenyl di-p-nitro- 
benzoate, small, pale yellow needles, darkening and melting at 256° C. 

Lead diphenyl dicyanide ^ is obtained by treating the di-iodide in 
methyl alcohol suspension with silver cyanide. It decomj^oscs at 
245° to 255° C. and is converted by dilute nitric and hydrochloric acids 
into the corresponding dinitrate and dichloride. 

Basic lead diphenyl cyanide, Pb(C6li5)20II.CN.2— If the nitrate 
is treated with a solution of potassium cyanide, this basic cyanide is 
precipitated as a white powder. It is insoluble in water, alcohol, or 
ether, and melts with decomposition. 

Lead diphenyl dithiocyanate. —This salt is readily obtained by 
mixing together aqueotis solutions of lead diphenyl acetate and am¬ 
monium thiocyanate. It is a white powder, insoluble in water and 
the usual organic solvents, and is decom}>osed by silver nitrate, silver 
thiocyanate being deposited. The salt decomj)oses at its melting- 
point. 

Lead diphenyl sulphide. —When an aqueous acetic acid solution 
of the above acetate is decomposed with hydrogen sulphide, a white, 
flocculent precijiitate of the sulphide is obtained. By extracting this 
with alcohol-benzene, and evaporating off the solvent, small, bright 
yellow crystals are deposited. It is essential that the reaction should be 
carried out in the cold, since the sulphide is decomposed by heat. The 
com})ound becomes brown when heated from 80° to 90° C., and at higher 
temperatures diphenyl is driven off, and pure lead sulphide remains. 
The salt is easily soluble in benzene, chloroform, or carbon bisulphide, 
but with difliculty in alcohol or ether. 

Lead diphenyl chromate separates as a bright yellow, crystalline 
precipitate, when potassium dichromate is added to lead dijdienyl 
dinitrate. It is insoluble in water or alcohol. 

Lead diphenyl phosphate is isolated in the same way as the 
chromate, using sodium phosphate. It is a white, crystalline powder, 
which does not melt, and is insoluble in the usual organic solvents. 

Lead di-p-tolyl dichloride.^ —This is a white powder, prepared 
as the foregoing phenyl compound. It is moderately soluble in chloro¬ 
form, carbon tetrachloride, or benzene; insoluble in alcohol or ether; 
by the action of alcoholic silver nitrate the chlorine may be re¬ 
moved. Lead di-p-tolyl dibromide is formed by the action of bromine 
on the tetra-tolyl compound. It decomposes on melting, and has a 
similar solubility to the chloride. The di-iodide is a yellow compound, 
readily soluble in carbon bisulphide. 

Lead di-p-tolyl dinitrate crystallises in fine white needles, having 
3 mols. of water of crystallisation. It is soluble in water, with difficulty 
in alcohol, and explodes on heating. When boiled with water, or when 
its nitric acid solution is precipitated with ammonia, a basic nitrate is 
obtained, Pb(C 7 H 7 ) 2 ( 0 H)N 03 . This is a white, amori>hous powder 
which does not melt, and feebly explodes on heating. 

Lead di-p-tolyl diformate, formed by the action of formic acid 
on lead tetra-p-tolyl, crystallises from aqueous formic acid in shining, 
white needles, which decompose and blacken at 233° C. The diacetate, 
Pb(C 7 H 7 ) 2 (C 2 H 30 a) 2 ‘ 2 H 20 , which crystallises in fine needles, is not as 


1 

2 


Zechmeister and Csabay, Rer., 1927, 6o, [B], 1617. 
Polls, Rcf., 1887, 20 , 716. 
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soluble as the corresponding phenyl compound, and the water free of 
salt melts without decomposition at 183*5° C. 

Lead di-p-tolyl sulphide. -When hydrogen sulphide is passed 
into a solution of the above diaeetate, the sulj)hide is deposited as a 
pale yellow ])re(*ipitate. It is washed with hydrogen sulphide water, 
dried in vacuo, and rcerystallised from alcohol-benzene. When heated 
to 90° C. it turns brown, at 98° (\ it blackens, and at higher temperatures 
gives di-p-tolyl and lead sulphide. It is decomposed by light, and is very 
soluble in benzene, carbon bisulphide, or chloroform, with difliculty in 
alcohol or ether. 

Lead di-p-tolyl chromate is precipitated as a yellow j)owder 
when potassium dichromate reacts Avith lead di-p-tolyl diaeetate. 

Lead di-p-xylyl dibromide ^ is obtained by the broniination of 
lead tri-p-xylyl in chloroform solution at -10° C. It crystallises from 
chloroform in colourless, glistening rods wliic^h arc dillicultly soluble 
in ether, and insoluble in alcohol. It melts about 120 ’ C., decomposing 
with the separation of lead bromide. 

Lead dicyclohexyl dichloride ^ is isolated («) by passing hydro¬ 
chloric acid gas into a suspension of lead tetraeyclolicxyl in chloroform, 
or {h) by treating the latter chloroform suspension at 0° C. with the 
calculated quantity of chlorine in carbon tetrachloride. It Ibrms pale 
yellow needles, wdiieh become reddisli brown at 150° C. and decompose 
with the deposition of lead at 180° C. 

The corresponding dibromide is prepared (a) by the broinination of 
the tetraeyclohexyl compound, or (b) by passing hydrobromic acid gas 
into a benzene solution of the tetra-compouud. It is isolated in pale 
yellow needles, which become orange at 100° C., almost white at 1C0° C., 
and deposit lead suddenly at 225° C.’* The di 4 odide forms orange needles, 
which decompose at 100° C. and are readily soluble in hot benzene, witii 
difficulty in hot alcohol. It may also be prepared by treating lead 
tricyclohexyl iodide with a solution of iodine in benzene.'^ 

Lead dicyclohexyl sulphide.® —(1) When hydrogen sulphide is 
passed into a pyridine solution of the chloride or bromide (not the iodide), 
addition of alcohol precipitates the sulphide. (2) By passing hydrogen 
sulphide into a pyridine solution of lead tetraeyclohexyl, kept at -10° C., 
the sulphide is also preci})itated. The compound is washed with ice-cold 
alcohol, and dried in vacuo over phosphorus pentoxide. It is a pale 
yellow powder which crystallises from dilute pyridine in microscopic 
plates, these blackening without melting slightly above 100° C. 

The action of nitric acid on lead tetraeyclohexyl does not lead to the 
production of the corresponding nitrate, but gives lead nitrate. Silver 
nitrate on lead dicyclohexyl dihahdes yields silver halide, and a reddish- 
brown precipitate which contains silver, and is probably a silver deriv¬ 
ative of cyclohexane. 

Aryl Derivatives of the Types RgPb. and llgPb. 

Lead diphenyl.® —The preparation is carried out in a wide-necked, 
round-bottomed Jena flask, fitted with a stopper containing five holes, 

1 Krause and Schmitz, Ber„ 1919, 52 , [B], 2165. 

* Gruttner, Ber,, 1914, 48 , 3257. 

® Krause gives the decomposition point about 142° C. 

* Krause, Ber., 1921, 54 , [B], 2066. 

^ Krause and Beissaus, Ber., 1922, [BJ, 55 , 888 . 


® Griittner, he, cit. 
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used as follows: ( 1 ) For carrying stirrer. ( 2 ) For introducing lead 
chloride and magnesium compound. (3) For passing in nitrogen. ( 4 ) For 
thermometer. (5) For condenser. 

Into this apparatus tlie magnesium compound from 50 grams of 
bromobenzenc in 400 e.e. of etlier is introduced, and the whole cooled 
in ice. With vigorous stirring and in a nitrogen atmosphere, 14 grams 
of lead eliloridc are added during three-cpiarters of an hour, in portions 
of not more than 0*3 gram, the teni])eraturc being maintain<‘d at + 2 *^ C. 
The ethereal solution becomes reddish brown, and the stirring is rnaiii' 
taiiied for two hours, tlie temperature being k(‘pt at O'" C. The mass is 
then decomposed by small ])iee(‘s of ice, and shaken with benzene in a 
funnel filled with nitrogen. The benzene solution is evaporated under 
reduced pressure in a nitrogen atmosphere to about 50 c.c. Any lead 
triphcnyl which may have been formed crystallises out at this stage 
and is filtered off. When the blue-red filtrate' is added dropwise to 
alcohol, the lead di})henyl se[)arates out, is dissolved many times in 
a little benzene and fractionally precipitated by alcohol. Yield 2 
to 3 grams. 

The compound in the dry state is an intense bluish-red, amorphous 
powder, fairly soluble in benzene or ether, insoluble in alcohol. Its 
benzene solution reduces alcoholic silver iiitratc, giving a deep black 
prcci]>itale of silver. It decomposes at about 100 " (!., becoming colour¬ 
less ; changes to pale yellow at 120 " C., melts above 200 " F., but does 
not blacken at 200 " C. 

A better yield is obtained if the reaction be carried out in benzene 
instead of ether solution. 

When a benzene solution of lead diphenyl is treated with an ethereal 
solution of magnesium phenyl bromide and boiled for a few minutes, 
black metallic lead separates out. The mass is decomposed with water, 
the solvent layer evaporated, and the residue when treated with benzene 
gives a good yield of lead triphenyl. 

Lead di-p-tolyl is prepared in a similar way to the phenyl com¬ 
pound, 30 grams of p-bromotoluene give 2 grams of product. It has 
the same properties and reactions as the phenyl derivative. 

Lead triphenyl,- The apjiaratus used for this and the following 
experiments is the same as for lead diphenyl. To the magnesium com¬ 
pound from 50 grams of bromobenzenc in 250 c.c. of ether, 40 grams of 
lead chloride, in hali-gram quantities, are slowly added. The reaction 
is carried out in nitrogen and the mixture vigorously stirred. The 
ethereal solution changes through brownish red to yellow, and after the 
addition of the lead chloride the stirring is maintained for three hours. 
The mass is decomposed by small pieces of ice, the ether removed under 
reduced j^ressure, and the residue filtered and washed with water and 
three times with alcohol, then dried at the ordinary temperature in vacuo 
over phosphorus pentoxide. The dry product is extracted with hot 
benzene, from which glistening rhomboidal crystals separate, containing 
I mol. of benzene of crystallisation. It crystallises from chloroform in 
plates. Yield 17*5 grams, 40 per cent. It commences to decompose at 
155° C. and melts at 225° C. . It may be converted to lead tetraphenyl 
(I) by heating alone, (2) by heating its benzene solution on a boiling 
water-bath, ( 3 ) by heating the pyridine solution at 60° to 65° C. Its 
solution in benzene is converted by an aqueous alcoholic solution of 
iodine into lead triphenyl iodide, but with a dilute solution of iodine in 
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benzene, lead diphenyl di-iodide and lead iodide are formed, the former 
only in small quantity. 

Lead tri-o-tolyl crystallises from benzene or chloroform in micro¬ 
scopic rhombic crystals, from which lead separates at 240° C., and at 
250° C. a black liquid is obtained. It slowly decomposes alcoholic silver 
nitrate solutions when warmed, but has no action in the cold. 

Lead tri-p-tolyl is formed by the same method as the phenyl com¬ 
pound. It crystallises from benzene on the addition of alcohol in 
six-sided plates, from chloroform in rhombohedra, containing chloroform 
of crystallisation, these being elTlorescent in the air. It commences to 
decompose at 193° C. and melts at 240° €. A cooled benzene solution 
gives a greenish precipitate with alcoholic silver nitrate, which quickly 
blackens as the temperature rises, but if a very low temperature is 
maintained the green colour remains. When heated alone or boiled 
in benzene solution it yields lead tetra-p-tolyl. In contrast to lead tri- 
p-xylyl and lead tricyclohcxyl, it is converted by bromine in freezing 
pyridine into lead bromide and lead tetra-p-tolyl, which points to the 
possible existence in pyridine solution of the equilibrium : 

2Pb(C7H,)3 111=^ Fh(C,ll,),+Fh(C,U,), 

When the benzene solution is treated with aqueous alcoholic iodine solu¬ 
tion, l(‘ad tri-j)-tolyl iodide is formed. 

Lead tri-m-xylyl.^ —To a solution of 20-55 grams of j)-bromo- 
xylcue and 3*12 grams of magnesium in 100 c.c. of ether, 11-6 grams of 
lead chloride are added in small quantities, and the mixture boiled for 
live hours. Metallic lead soon commences to separate out and the 
colour of the solution changes from brownish red to green. The mixture 
is decomposed with water, filtered, and the dry residue extracted with 
benzene. Evaporation of the solvent gives 2-5 grams of a very pale 
yellow, crystalline powder. After crystallising from acetone, then three 
times from benzene, it melts sharply at 233*5° C. with the separation of 
metallic lead. It is soluble in chloroform or toluene, slightly soluble in 
acetone, light ])etroleum, or pyridine. Its solutions precipitate silver 
oxide from alcoholic silver nitrate. When its benzene solution is treated 
with thallic chloride it yields thallous chloride and lead di-m-xylyl 
dichloride. 

Lead tri-p-xylyP sinters at 220° C., and melts with decom¬ 
position at 225° C. It is easily soluble in hot benzene or chloroform, 
sparingly in cold benzene or ether, and insoluble in methyl or ethyl 
alcohol. Its benzene solutions when exposed to air are unchanged, but 
in sunlight quickly deposit a white precipitate. In the dry state the 
compound is stable in air. Bromination at —40° C. produces lead 
tri-p-xylyl bromide, but at —10° C. lead di-p-xylyl dibrornide is formed. 

Lead tricyclohexyl ® crystallises in bright yellow, thin, hexagonal 
plates, decomposing at 195° C. ' It is rec^ily affected by light, the 
solid substance quickly becoming brown, and the benzene solution 
yielding a white precipitate in diffused light or a brown precipitate in 
direct sunlight. The benzene solution is not stable in the dark, and it 
reduces alcoholic silver nitrate in the usual way. When boiled with 
ammonium sulphide, lead sulphide is formed. A solution of iodine in 

^ Goddard, Trans, Ghem, 8oc,, 1923, 123 , 1171. 

‘ Krause and Schmitz, Ber,^ 1919, [B], 2167 ; Krause and Beissaus, 2oc. ciU 

« Krause, Bsr., 1921, 54 , [BJ, 2060. 
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benzene when added to a benzene solution of lead tricyclohexyl yields 
lead tricyclohexyl iodide. 

Aryl Derivatives of the Types ArgAlkPbX; ArgAr'PbX. 

Lead diphenyl methyl bromide ^ is obtained by the bromination 
of lead trii)hcnyl methyl, as an oily product, which is pressed on a yiorous 
})late and recrystallised from benzene-alcohol. It forms glistening 
needles, M.pt. 118® C., decomposing with frothing at 124° C. 

Lead diphenyl ethyl bromide forms colourless, glistening, pris¬ 
matic needles, M.pt. 119° C., decomposing with gas evolution at 130° to 
135° C. It is very easily soluble in benzene or chloroform, readily in 
ether, sparingly in cold alcohol. 

Lead diphenyl p-xylyl bromide is prepared by brominating lead 
diphenyl di-p-xylyl, and the crude product is best recrystallised from 
about 80 per cent, alcohol. It crystallises in bushy groups of plates, 
M.pt. 90° C., decomposing at 200° C. With phenyl magnesium bromide 
it yields lead triphenyl })-xylyl. 

Lead diphenyl cyclohexyl bromide occurs as fine groups of 
])rismatic needles, M.pt. 135° C., decomposing at 160° C. Phenyl mag¬ 
nesium bromide converts it to lead tri'phenyl cyclohcxyl. 


Anjl Derivatives of the Types Ar 3 PbAlk ; Ar.,Ar'PbAlk ; 

Ar.A‘r'PbAlkX.2 

Lead triphenyl methyl is prepared from lead triphcnyl bromide 
and an excess of methyl magnesium halide. It crystallises from benzene 
in rhomboidal crystals, M.pt. 60° C., becoming turbid at 220° C. and 
decomposing at 260° C. In benzene or chloroform it is very soluble, 
less soluble in ether, sparingly in cold 94 per cent, alcohol. AlcohoUc 
silver nitrate from an alcohol solution of the lead compound precipitates 
yellow silver phenyl-silver nitrate. 

Lead triphenyl ethyl obtained as above, is a solid, M.pt. 42° C., 
giving a colourless, highly refractive liquid ; density 1*5885 at 61° C. ; 
liBa 1-62628 at 61° C. ; SRna 22*29. 

Lead diphenyl cyclohexyl methyl is isolated from pure lead 
diphenyl cyclohexyl bromide and an excess of methyl magnesium 
bromide. It is a liquid at ordinary temperatures, miscible with most 
organic solvents and aqueous alcohol. When brominated it is con¬ 
verted into lead phenyl cyclohexyl methyl bromide. 

Lead phenyl cyclohexyl methyl bromide, obtained as just 
described, is susceptible to light and temperature. It may be crystal¬ 
lised from benzene, provided the temperature is kept below 70° C., 
small, star-shaped groups of prisms being deposited, which melt with 
complete decomix)sition at 93° to 94° C. 

Heterocyclic Systems containing LeadA 

By the action of lead diethyl chloride on the magnesium compound 

^ Krause and Schldttig, Rcr., 1926, 58 , [B], 427. 

* Krause and Sohldttig, ibid, 

» Krause and Schmitz, Rer., 1919, 52 , [B], 2160. 

^ Griittner and Krause, Ber,^ 1916, 49 , 2666. 
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of 1 :5-dibromopentane, lead diethyl cyclopentaniethylene is ob¬ 
tained : 



Cli^- 

( Ha 



Like the tin com})Oiintl, this substance is analoji^ous to Uic cyclohoxancs 
ill which a carbon atom is replaced by (piadrivalent lead. Molecular 
weight determinations jioint to the sim]de formula, C^gllgoHb. It has 
previously been shown that lialogens split off alkyl groups from lead 
t€*tra-alkyls, when the reaction is carried out in dilute solution at 75^ Cl. 
In the case of lead diethylcy(*lo])entamethylene two jiossibilities occur, 
either a sjilitting off of the ethyl grou]) and the formation of lead 
ethylcyclopentamethylcne monohalide, or the ]iartial scission of the 
ring with the formation of lead dietliy 1-5-halogen-amyl halide, 



By 

CH2.(CH2)3.CIIJ5r 


It is jbund by experiment that Ihe reaction takes the latter course, and 
that the yields arc quantitativ(\ 'Fhe clumuderistic is emjihasised, that 
when we have a smooth addition of halogen, the splitting off of halogen 
hydrocarbons takes place, which is always noticed in the halogenisation 
of lead alkyls. In the preceding comj)ound the carbon-bound halogen 
atom may be directly j)reeipitatcd by silver nitrate, wliilst the lead-bound 
lialogen is not. By the action of magnesium ethyl bromide lead tri- 
ethyl-5-halogen amyl is obtained : 



.Elt 

CH,.(CH2)3Cn2Br 


Its halogen is not directly precipitated by silver nitrate, but with 
magnesium powder in ethereal solution it forms the magnesium com¬ 
pound in 60 per cent, yield. 

By the action of chlorine on lead diethylcyclopentamethylene, lead 
diethyl-5-chloroamyl chloride is formed, and this by the action of 
chlorine at low temperatures has two ethyl groups replaced by chlorine, 
whilst the substituted amyl group remains attached to the lead atom. 
This is in accordance with the observed fact that the halogen always 
splits off the lightest group first. The compound thus obtained, lead 
cthyl-5-chloroamyl dichloride, has two chlorine atoms precipitable by 
silver nitrate and not one. By the energetic action of chlorine on lead 
diethylcyclopentamethylene, lead halide, ethyl halide, and dihalogen 
pentane are obtained, showing that the pentamethylene ring has re¬ 
mained intact. The lead compound in some respects resembles the lead 
tetra-alkyls. 

Lead diethylcyclopentamethylene, Et 2 Pb<(CH 2 ) 6 .—To the mag¬ 
nesium compound from 100 grams of 1 : 5-dibromopentane (or 65 grams 
of 1 ; 5-dichloropentane) in 500 c.c, of ether, 50 grams of lead diethyl 
dichloride are added in small portions, the whole being maintained 
at 0 ° C., vigorously stirred, and a stream of nitrogen passed through. 
After the addition the mass is warmed on the water-bath for fifteen 
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minutes, decomposed with water, the ether layer removed, washed, 
dried, and the solvent distilled off. A colourless oil remains, and this is 
fractionated in a stream of hydrogen under reduced pressure. The 
fraction, 100° to 180° C. at 13 mm., is worked down to 109° to 114° C. at 
18 mm., and this yields 40 grams of pure product, B.pt. 111° C. at 13 mm. 
It is a thin, colourless oil, having an odour resembling ketones. It is in¬ 
soluble in water, sparingly soluble in 90 per cent, alcohol, but miscible 
with absolute alcohol and most organic solvents. Neutral silver nitrate 
is reduced in the cold, and when placed on filter paper it inflames and 
burns briskly, giving fumes of lead oxide. With exclusion of air it may 
be kept for a month, but in contact with air it is slowly oxidised, giving 
a brown resin. 

Lead diethyl- 5 -bromoamyl bromide, 

AClh),,Bv 

Et^Pb/ 

\Br 

The above com])ound is brominated at —75° i\ in ethereal solution, and 
the product fractionated after drying. It is a thick, colourless oil. 

Lead triethyl -5 -bromoamyl, Et 3 Pb(CJl 2 ) 5 Br.—The preceding 
bromide is shaken with magnesium ethyl bromide and boiled for five 
minutes. Treatment in the usual manner gives an oil, B.pt. 166-8° C. 
at 18 mm. Yield (piantitative. It is a colourless, thin oil, having an 
odour resembling the lead alkyls, and is completely stable in air. Treat¬ 
ment with magnesium powder yields lead triethyl n^amyU a com])ound 
which may also be obtained from magnesium n-amyl bromide and lead 
triethyl bromide. Lead triethyl n-amyl is a colourless oil of faint, un¬ 
pleasant smell, B.pt. 121° C. at 15 mm. 

Lead ethyl- 5 -chloroamyl dichloride, 

/(Cll2)5Cl 

Et.Pb< 

Lead diethylcyclopcntamethylene is chlorinated at 75° C\ in ethyl 
acetate solution. A crystalline powder is obtained which is washed 
with ether and recrystallised from a little alcohol. It crystallises in 
shining needles, insoluble in ether. 

1 ; 5 -Bis-trimethylplumbyl-n-pentane, Me3Pb.(CTl2)5.PbMe3. 
—The magnesium compound from 1 : 5-dichloropentane is caused to 
react with lead trimethyl bromide in ethereal solution, the reaction being 
completed by an hour’s warming on the water-bath. The excess of lead 
trimethyl bromide is removed by shaking the mass with 20 })er cent, 
potassium hydroxide and dilute sulphuric acid. The ethereal solution 
is then evaporated and the residual oil fractionated under reduced 
pressure. The pure product is a colourless oil. B.pt. 166-5° C. at 
14 mm. 

Table XXIV. of the Appendix shows the physical constants of the 
above compounds. 


VOL. XI.: I. 


23 





APPENDIX. 




TABLE I.—PHYSICAL CONSTANTS OF ZINC DIALKYLS 
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^ ^=temperature at which the refractions were measured, and the next column gives the recalculated densities for this temperature. 

* Values after Gladstone, Trans, Chem, Soc., 1896, 59 , 293, 296; the values for the molecular refraction, etc., were calculated from the Lorentz- 
Lorenz formula. 

* For zinc n-propyl Isobutyl the values for nH^ were also made, 1-48628, MRh> 45-386, ARh^ 10-169. 
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Cadmium di-iso- j | 

amyl . . —115 121-5/15 „ jD*!® 1-2210 1-49967 1-50889 i 1-51470 1-52412 „ 19-0 






TABLE in.—ATOMIC REFRACTION AND DISPERSION OF CADMIUM DIALKYLS. 
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TABLE IV. INTERACTION OF THALLIC CHLORIDE 
WITH ORGANOMETALLIC COMPOUNDS. 


ComjHmndfi Rmciiiuj with 
Thallic Chloride. 

ProdveU of Rvaciion. 

Mercury di-n-propyl 
Mercury di-isoamyl. 

Tin tetraethyl 

Tin dimethyl diethyl 

Tin triethyl chloride 

Tin triethyl iodide . 

I^ad t<^traethyl 

Lead triethyl methyl 

Lead triethyl chloride 
Mercury diphenyl , 
Mercury dibenzyl . 
Mercury ethyl benzyl 

Tin tetraphenyl 

Lead tetraphenyl . 

Lead tri-m*xylyl 

Jjead diethyl diphenyl 

Lead diphenyl di-a-naph- 
thyl .... 
Triphenylphoaphiiic 

Triphcnylarsine 

Tri-m-, tri-p-xylylarsine . 
Triphenylstibine 
Tri-m-xylylstibine . 
Triphenylbismuthine 
Tri-p-tolyl-,tri-a-naphthyl- 
bismuthine 

n-Propylmercuric chloride, thalious chloride. 
Jsoamylmercuric chloride, thalious ohlorid(\ 

Thallium diethyl chloride, tin diethyl di(;hloride. 

Thallium diethyl chloride, tin dimethyl dichloride, thall- 
0118 chloride. 

Tin diethyl dichh»ride, thalious chloride, ethyl chloritle. 
Tin diethyl dichloride, thallium, iodini^ iodine mono' 
chloride. 

Lead diethyl dichloride, thalious chloride, butane. 

Lead triethyl chloride, thalious chloride, methyl (diloride 
Ix'ad diethyl dichloride, thalious chloride, ethyl chloride. 
Thallium dii>henyl chloride, meriiuric chloride, 
lienzylmercuric chloride, thalious chloride. 

ICthylmercuric chloride, Ix'nzylmercuric chloride^ thalious 
chloride. 

Thallium diphenyl chloride, tin trijihenyl chloride, tin 
diphenyl hydroxychl(»ridc, hydrocdiloric acid. 

Thallium diphenyl chloride, lead diphenyl dichloride. 

Lead di-in-xylyl dichloride, thalious chloride. 

Thallium diphenyl chloride, lead diethyl dichloride. 
Thallium di-a-naphthylchloridi', k^ad dijihenyl dichloridc. 

Triphenyljihosphine, thalious chloride, chlorine. 

/ [a) In tli(^ cold. Thalious chloride, phenylarsenious 

1 dichloride. 

j {b) Hot. Triphcnylarsine dichloridc, thallium diphenyl 

V chlorid(‘, thalious chloride. 

Thallouschloride, m-xylylandp-xylylarsenious dichlorides. 
Triphenylstibine dichloride, thalious chloride. 

Tri-m-xylylstibine dichlorido, thalious chloride. 

Thallium diphenyl chloride, diphenylchlorobisinuthinc. 
Thallium di-p-tolyl chloride, di-p-tolylchlorobismuthine ; 
thaUium di-a-naphthyl chloride, i-a-naphthylchloro- 
bismutliine. 
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TABLE VI.—REFRACTIVITIES OF SOME SILICON 
COMPOUNDS OF THE TYPE Alk^Si.Ar. 


Substance. 

Mh.. 

i>M. 

Mn^—M h„. 


(C,H5),SiC,H4Cl . 

68*35 

68*82 

1*628 

2*628 

(CgH5)3SiCjH4Br . 

71*79 

72*30 

1*780 

2*878 

(€3115)3810,1141 . 

78*30 

78*91 

2*149 

3*438 

(n-C3lI,)3SiC,H4Cl 

82*65 

83*19 

t 

1*897 

3*026 


By subtracting from these values the atomic equivalents of carbon, 
hydrogen, and halogen, the atomic refraction of the silicon in the 
compounds is as follows :— 


Substance. 

SiH„. 

Sio. 



(C 3 ll 5 ) 3 SiC.H 5 . 

7*52 

7*59 

0*31 

0*53 

(€ 3115 ) 3810 ,H 4 CI . 

7*60 

7*74 

0*423 

0*685 

(€ 3 H 5 ),Si€,H 4 Br . 

8*22 

8*32 

0*439 

0*702 

(C3H5)38i€,H4l . 

9*78 

9*89 

0*537 

0*949 

(n-€,H,),Si€,H4€l 

8*15 

8*26 

0*431 

0*696 


[See Bygd^n, Ben, 1915, 00 , 243.] 
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TABLE VII.—CRYSTALLOGRAPHIC MEASUREMENTS 
OF DIPHENYLSILICANEDIOL. 

System, anorthie. Sub-class, holohedraL 
a : b : c --0-5657 : 1 : 1*700. 
a--90°2'; j3==lll° 20'; y=-87° 27'. 

Forms developed: b (010), m (110), /x (lIO), e (001), t (013), v (116). 

Table of An(jles. 


Faces. 

No, of 
Measure¬ 
ments. 

Angle Limits. 

Mean 

Value. 

Calculated 

V^alue. 

010 : no 

16 

62° 2'-~65°33' 

64° 23' 


110 : llo 

16 

53° 10-55° 52' 

55° 40' 


no : OlO 

15 

59° 34'-~61° 37' 

60° 51' 

60° 57' 

010 : 001 

22 

89° 52'-90° 30' 

90° 11' 

.. 

110 : 001 

26 

70° 28'-71° 16' 

70° 55' 

70° 56' 

no : 001 

26 

70° 49'-71° 57' 

71° 19' 

,, 

010 : 013 

3 

58° 20'-61° 40' 

60° 31' 

,, 

no : 013 

1 

59° 25' 

59° 25' 

60° 1' 

no : 013 

1 

88° 38' 

88° 38' 

X 

o 


The crystals are prismatic in habit. Of the prism faces b, m and /x, 
b and /x are well developed, whilst m is but a small face. The angles of 
the prism zone, namely bm—64° 23', m/a=^55° 40', /xb=60° 57', all 
approximate to 60° and give the crystals a pseudo-hexagonal character. 
The crystals are terminated by three planes at each end. These are 
c (001), t (013), and v (116). The face c (001) is quite large, whilst t and v 
are tiny bevels on the edges c b and c /x' respectively. The faces t and v 
are very bad ones, particularly the latter, from which no trustworthy 
measurements can be obtained. The faces as a whole are very bad 
from a goniometrical point of view, as may be seen from the range of the 
angles in the preceding. 
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TABLE VIII.—CRYSTALLOGRAPHIC MEASUREMENTS 
OF ANHYDROBISDIPHENYLSILICANEDIOL. 


System, anorthic. Sub-class, holohedral, 
a : b : c==0*6536 : 1 : 1*868. 
a=92® 28' ; j3=115° 40' ; 24'. 

Forms developed : b (010), m (110), /x (lIO), c (001), q (Oil), s (114). 


Table of Angles. 


Paces. 

No. of 
Measure¬ 
ments. 

Angle Limits. 

Mean 

Value. 

Calculated 

Value. 

010 : 110 

10 

61° 5'-62° 1' 

61° 36' 


110 : no 

10 

60° 10'-61° 33' 

60° 58' 

, , 

lIO : OlO 

10 

56° 40'-57° 56' 

57° 26' 

57° 26' 

010 ; Oil 

20 

29° 52'-30° 42' 

30° 22' 

, , 

no: on 

24 

52° 18'-53° 14' 

52° 49' 

52° 53' 

llo : on 

24 ! 

105° 44'~106° 39' 

106° 8' 

106° 14' 

010 : 001 

18 I 

88° 38'-89° 29' 

89° 4' 

89° 0' 

no : 001 

20 

66° 41'-67° 25' 

67° 3' 

, , 

1 lo : 001 

20 

68° 26-68° 44' 

68° 37' 

69° 8' 

on : 001 

11 

58° 8'~59° 9' 

58° 38' 


no : II 2 

24 

142° 43'-143° 19' 

143° 1' 

143° 21' 

010 : 112 

24 

119° 5'-119°55' 

119° 31' 

119° 22' 

no : II2 

24 

105° 22'-106° 38' 

106° 1' 

106° 11' 


The forms b, m, and jx constitute a prism zone; the forms b and m 
arc large and [x small. The angles of the prism zone are: bm—61° 36', 
m /X—60° 58', /xb' =57° 26'. They all approach the value 60°; and so the 
crystals are pseudo-hexagonal. Of the three terminal forms, c (001) is 
much the largest, q and s being small faces on the edges b c and m' c 
respectively. 
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TABLE IX.—CRYSTALLOGRAPHIC MEASUREMENTS 
OF DIANHYDROTRISDIPHENYLSILICANEDIOL. 

System, anorihic. Sub-class, holohedraL 
a : b : c=0-5068 : 1 : 1*491. 

Forms developed : b (010), m (110), fi (llO), c (001), r (012), /x (Il4). 

Table of Angles. 


Faces. 

No. of 
Measui'c- 
ments. 

Angle Limits. 

Mean 

Value. 

Calculated 

Value. 

010 : 110 

6 

60° 42'-67° 21' 

66^ 58' 


no : llo 

7 

51° 4'--52° 4' 

51° 39' 

, , 

no : OlO 

10 

60° 4'-61° 53' 

61° 32' 

61° 23' 

010 : 001 

10 

89° 7'-90°51' 

90° 19' 

, , 

no ; 001 

8 

74° 9'-74°55' 

74° 35' 

74° 34' 

no ; 001 

15 

74° 16'-75° 28' 

75° 1' 


010 : 012 

1 

54° 42' 

54° 42' 

, , 

no ; 012 

1 

63° n' 

63° 11' 

63° 11' 

no ; 012 

1 

94° 50' 

94° 50' 

93° 54' 

010 : 114 

3 

67° 34'- 69° n' 

68° 36' 

69° 25' 

no : Il4 

3 

120° 28'-124° 2' 

122° 47' 

120° 57' 

no : Tl4 

3 

103° 44'-105° 14' 

104° 27' 

103° 0' 


The dominant forms are b (010), jm (llO), and c (001). Many crystals 
are simply four-sided prisms terminated by c planes. The prism face m 
is often missing, and when present it is only small. The.face r (012) was 
present on one crystal only. The form /x (Il4) was only developed on 
two crystals, and even then the faces were very poor ones. This accounts 
for divergence between the calculated and measured angles. The 
crystals may be described as short, stumpy prisms. The prism angles 
show some approach to hexagonal development: bm=66° 58', 
m|a=51® 39', /xb'^Ol*^ 32'. 

If in the crystals of diphenylsilicanediol (see Table VII.) t is given 
the indices (011) instead of (013), then v will become (112) instead of 
(116). The remaining indices would be unchanged. The axial ratios 
would now be 0*5657 : 1 : 0*5666 instead of 0*5657 : 1 : 1*700. 

Similarly if in the crystals of dianhydrotrisdiphenylsilicanediol r is 
made (011) instead of (012), then /x would be (112) instead of (Il4), and 
the remaining indices would be unaltered. The axial ratios would be 
0*5068 : 1 : 0*7455 instead of 0*5068 : 1 : 1*491. 

To bring the axial ratios of the crystals of anhydrobisdiphenyl- 
silicanediol into line, q would have to be made (031) instead of (Oil), 
and the ratios would then be 0*6536 : 1 : 0*6227 instead of 
0*6536 : 1 : 1*868. The indices of s (112) would then become (832). 
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TABLE X. CRYSTALLOGRAPHIC MEASUREMENTS 
OF TRIANHYDROTRISDIPHENYLSILICANEDIOL. 


System, orthorhombic. Sub-class, hisphenoidal. 
a : b : e--0*7750 : 1 : 0*4993. 

Forms developed : a (100), b (010), in (110), p (111). 


Table of Angles. 


Faces. 

No. of 
Measure¬ 
ments. 

Angle Limits. 

Mean 

Value. 

Calculated 

Value. 

110 : 010 

19 

89°50'-90° 7' 

90° 0' 

90° 0' 

100 : 110 

19 

87° 21'-38° 12' 

87° 48' 

37° 48' 

010:110 

19 

51° 55'-52° 29' 

52° 12' 

,, 

100 : 111 

17 

59° 54'-60° 17' 

60° 7' 

60° 3' 

010 : 111 

18 

66° 58'-67° 27' 

67° 14' 

, , 

110 : 111 

16 

50° 34'-51° 18' 

50° 48f 

50° 50' 

111 : III 

8 

78° 8'-78° 29' 

78° 15' 

78° 23' 

110 : HI 

i 

12 

80° 30'-81° 27' 

81° 8' 

80° 57' 


The crystals occur in two well-marked habits. One of these is 
prismatic, a and b being large faces, whilst the m faces are small. In 
other cases the crystals arc markedly tetrahedral. 
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TABLE XL—CRYSTALLOGRAPHIC MEASUREMENTS OF 
TETRA-ANHYDROTETRAKISDIPHENYLSILICANEDIOL. 


System, anorthic. Sub-class, holohedruL 
a : b : c--()*5614 : 1 : 0*5770. 
a^S3° 56'; j8=-103° 52' ; y=^06° 44'. 

Forms observed : a {100}, b (010), c {001}, m {110}, q {Oil}, y {l20}. 


Table of Angles. 


Faces. 

No. of 
Measure¬ 
ments. 

Anglo Limits. 

Mean 

Value. 

Calculated 

Value. 

010 : 110 

4 

56° 23-57° 16' 

56° .56' 

57° 6i' 

110 : 100 

3 

27° 13'-27° 48' 

27° 30' 

27° 25' 

100 ; 120 

10 

50° 32'-50° 46' 

50° 38' 

,, 

120 : OlO 

6 

44° 46'--44° 59' 

o 

o 

, , 

010 : 001 

8 

94° 26'-94° 53' 

94° 37' 

,, 

110 : 001 

6 

80° 39'-81° 57' 

81° 8' 

80° .58' 

100 ; 001 

11 

76° 31'-76° 47' 

76° 41' 

,, 

120 : 001 

12 

76° 29'-77° 18' 

76° 54^' 

76° 57 J' 

010 : Oil 

,, 

, . 

, . 

64° 8'“ 

110 ; Oil 

1 

65° 27' 

65° 27' 

, , 

100 : Oil 

1 

74° 38' 

74° 38' 

75° 9' 

120 : Oil 

1 

98° 31' 

98° 31' 

99° 3' 


The crystals are flat, almost square, plates, the pinacoid a {100} being 
predominant, and the forms b {010} and c {001} being developed along the 
edges of the plates. 
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TABLE XII.--CRYSTALLOGRAPHIC MEASUREMENTS 
OF TRIANHYDROTRISDIBENZYLSILICANEDIOL. 

System, oblique. Sub-class, holohedral, 
a : b : c-^2‘707 : 1 : 1-643 ; ^8-^94° 38'. 

P'orms developed : a {100}, e {001}, m {110}, s {101}, r {lOl}. 

Taulk of Angles. 


Faces. 

No. of 
Measure¬ 
ments, 

Anglo Limits, 

Mean 

Value. 

Calculated 

Value. 

100 ; 101 

9 

59° 20'-60° 11' 

59° 43' 

59° 29' 

101 : 001 

9 

25° 14'-26° 13' 

25° 38' 

25° 53' 

100 ; 501 

9 

85° 2-85° 40' 

85° 22' 

,, 

001 : lOl 

11 

27° 2'-28° 4' 

27° 38' 

27° 47' 

lOl : Too 

9 

66 ° 31' -67° 4' 

66 ° 51' 

,, 

100 : 110 

23 

70° 0' 70° 36' 

70° 14' 

o 

O 

101 : 110 

33 

: 80° 0'-^80° 33' 

80° 15' 

80° 3' 

110 : IlO 

16 

39° 11'-39° 43' 

39° 28' 

,, 

001 : 110 

42 

88 ° 13'~88° 51' 

88 ° 30' 

88 ° 27' 

loi ; no 

47 

90° 59'-97° 58' 

97° 33' 

1 

97° 38' 


The crystals arc prismatic in habit, bein^^ elongated in a direction 
perpendicular to the diad axis. The m faces in general are much 
larger than the a faces. 


TABLE XIII.—PHYSICAL CONSTANTS OF TIN 
ALKYLS OF THE TYPE R.SnR'. 


Compound. 

Boiling-point. 

‘’C. 

Density. 

Refractive Index. 

“Hu- 

ni). 

nii^. 

hh..- 

n 

Tin triethyl n-propyl 
Tin tiiethyl isobutyl 
Tin triethyl isoamyl 
Tin ethyl tri • n - 
propyl 

Tin ethyl tri-isobutyl 
Tin tri-n-propyl iso¬ 
butyl. 

Tin tri-isobutyl iso¬ 
amyl . 

82/13 mm. 
96-6/17 „ 

111/18 „ 

117-6/23 „ 

126/16 „ 

128/18 „ 

182-9/16-6 „ 

D,*«-« M640 

D^ao-a 1.1390 

D^w-fi M203 

D4“-8 M226 
D421 1-0779 

1-0841 

D4*»« 1-0366 

1-46936 

1-46977 

1-46917 

1-47063 

1-47063 

1-46929 

1-46851 

1-47273 

1-47304 

1-47243 

1-47374 

1-47371 

1-47246 

1-47174 

1-48108 

1-48132 

1-48050 

i-48197 

1-48167 

1-48042 

1-47984 

"C. 

1 48816, at 20-6 
1-48826, 20-3 

1-48739, „ 18-6 

1-48890, „ 21-8 
1-48830, „ 21 

1-48711, „ 24-1 

1-48575, „ 26 8 


VOL. XI.: I. 


24 
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TABLE XIV.-PHYSICAL CONSTANTS OF TIN 
ALKYLS OF THE TYPE RjSnR ,,. 


Compound. 

Boiling-point. 

"C. 

Density. 


Refractive Index. 

nH„. 

no. 


"“7- 

Tin dimethyl di-iao- 
butyl 

85/1 () mm. 

D,*"-' J1179 

1-46037 

1-46354 

1-47165 

°c. 

1-47851, at 20-1 

Tin diethyl di-iso¬ 




butyl 

108-2/13 „ 

11030 

1-47036 

1-47361 

1-48167 

1-48846, „ 20-4 

Tin diethyl di-ieo- 





amyl. 

131/13-5 „ 

1 0726 

1 

1-46957 

1-47268 

1-48040 

1-48694, „ 19 


TABLE XV. PHYSICAL CONSTANTS OF TIN 
ALKYLS OF THE TYPE R,R'SnX. 


Compound. 

Boiling-point. 

Density. 


Refractive Index. 

"C. 

n«a- 

no. 

n^. 

OH,. 

Tin diethyl-n-pro- 
p)d chloride 

108/17 mm. 

D/'-’ 1-3848 

1-50207 

1-60680 

1-61624 

"C. 

1-62322, at 15-7 

Tin diethyl isoamyl 
chloride . 

125-6-126-6/13 „ 

D4«-» 1-2994 

1-49443 

1-49806 

1-60687 

1-61443, „ 19-9 

Tin diethyl n-propyl 
bromide . 

112-2/16 „ 

IV” 1-5910 

1-61769 

1-62177 

1-63232 

1-64129, „ 21-0 

Tin diethyl isobutyl 
bromide . 

122/17 „ 

»,•••• 1-5108 

1-51194 

1-61586 

1-60609 

1-63464, „ 20-0 

Tin diethyl isoamyl 
bromide . 

137-5/17 „ 

D/’-« 1-4881 

1-51621 

1-61661 

1-62663 

1-63603, „ 17-0 

Tin ethyl di-isobutyl 
bromide . 

130-6/13 „ 

D««-» 1-4086 

1-60452 

1-60837 

1-61799 

1-62609, „ 19*6 

Tin ethyl di-isoamyl 
bromide . 

154-165/16 „ 

1-3660 

1-50263 

1-60631 

1-61662 

1-62347, „ 20-0 

i 





TABLE XVI.—PHYSICAL CONSTANTS OF SOME TIN ALKYLS. 
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TABLE XIX.—PHYSICAL CONSTANTS OF LEAD ALKYLS OF THE TYPE R,PbR' 


ORGANOMETALLIO COMPOUNDS. 
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TABLE XXII.—PHYSICAL CONSTANTS OF LEAD ALKYLS OF THE TYPE RjPbR'R' 
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The following are additional constants to be attached to the compounds as shown;— 

No. 1 .nn” * 1-5110 ; np-nc 0-01687. No. 4. no" 1-6140 j nF-nc<0-01711. No. 10. d,*"-* 1-5812; nD'*'® 1-5120; np-nc 0-01664. No, 13. 
no*®-' 1-5120 ; np-no 0-01639. No. la no"'® 1-6063. No. 19. n„“-» 1-5039 ; nF-ne O-01524. 












TABLE XXIII.—PHYSICAL CONSTANTS OF MIXED LEAD ALKYLS 

OF THE TYPE AlkjPb.Ar. 
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sad triethyl a>naphthyl splits off naphthalene at its boiling-point, 
iad trimethyl benzyl boils at 124® C. with much decomposition. 
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NAME INDEX 


Abelmann, 68 , 196, 197. 

Acree, 6, 

Adams, 40, 42, 94, 190, 215. 

Alexeyeff, 19, 21. 

AUpress, 77. 

Anderson, 217. 

Aronheim, 73, 77, 87, 322-324. 

Ashley, 317, 324, 340, 345, 346. 

Auld, 53, 66, 144, 146. 

Balbiano, 143, 154, 155, 200. 

Bamlxjrger, 32, 75, 90, 158. 

Baniis, 79. 

Bauermeister, 82, 97, 99, 222. 
Bauerschmidt, 210. 

Becker, 88, 93, 225, 228. 

Becker, R., 317, 322, 326, 327, 329. 
Beckmann, 11, 

B6hal, 188. 

Beilstein, 19, 21. 

Bernard!, 125. 132. 

Bertheira, 221, 235, 237, 

Berthelot, 31, 34. 

Bessl, 165. 

Bewad, 18, 19, 22, 26. 

Bielenbcrg, 74, 84. 

Biginelli, 181. 

Biilmann, 60, 54, 69, 64, 66, 67, 176, 181. 
Blitz, 181, 186, 187, 189. 

Bjerrum, 176. 

Blaise, 26, 142. 

Blaisi, 88, 91. 

Bleekrode, 232. 

Blumenthal, 173, 176. 

Bocchi, 129, 133. 

Boedeckcr, 168. 

Bogert, 217. 

Bogomolez, 24. 

Bohm, 24. 

Bonitsch, 112, 139. 

Braicovie, 233. 

Brame, 181. 

V. Braun, 208. 

Bredig, 305. 

Breest, 181. 

Brieger, 132, 133, 156, 168, 166, 178. 
Buchner, 65. 

Buckton, 13, 18, 21,30-36, 39-42, 232,301, 
313, 333, 336. 

Bullard, 314, 319, 320, 321, 328. 

Burkard, 181. 

Buroni, 166. 


Burton, 106, 114. 

Butlcrow, 16-18. 23, 25, 333. 

Bvgdcn. 247, 250-252, 259, 262-264, 282, 
362. 

Cahours 11-13, 15. 18, 20, 23, 24, 33, 36, 
37, 43, 220, 232, 233, 302. 304-310, 
314, 3.33, 336. 

Calingaert, 339. 

Callis, 304, .305. 

Calmels, 20, 32. 

Calvert, 11. 

Calvery, 38, 39, 43, 44, 77. 

Cam])isi, 79. 

Cantapulo, 16. 19, 25. 

Carani, 118. 

Carius, 21. 

Cauer, 263, 269. 

CJaven, 247. 

Ct^cchetti, 133. 

Chalkley, 104, 147, 156, 206. 

Challenger, 77, 264, 266. 

Chambers, 13, 316, .322, 324, 329. 

Chapman, 19, 21, 33, 37. 

Chattaway, 82. 

Clusa, 213. 

Cocconi, 140. 

Coffey, 92, 93, 107, 108. 

Coffmann, 5. 

CoUie, 26, 301, 302. 

Corey, 291. 

Cowper, 47. 

CYafts, 13, 18, 20, 250, 262. 

Crymble, 31, 34, 40. 

Csabay, 340, 346, 347. 

Curtins, 65. 

Davies, 265. 

Dean, 68. 

Delacre, 22, 26. 

Demargay, 306, 307, 310. 

Demuth, 20. 

Deniges, 47, 54, 181. 

Dennis, 291-295, 297, 298. 

Desesquello, 140. 

Diels, 191. 

Dnthey, 267, 270, 271, 275. 

Dimroth, 33, 41, 72, 90-93, 97, 101, 104, 
105, 112, 121, 139-144, 149, 161, 166, 
162, 166, 196, 197, 204, 208. 
Disselkamp, 337, 346. 

Ditmar, 31, 32, 40, 41. 
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Dreher, 73-76, 78, 87-90. 

Dreschel, 13. 

Drew, 294-297. 

Druce, 311-313. 

Dufiford, 11. 

Diinhaupt, 34, 41, 42. 

Duppa, 17, 19, 20, 22, 25, 31-33, 35, 36, 38, 
44. 

Durand, 12, 15. 


Eberhautinijer, 213. 
Edouardoff, 267, 270, 271, 27.5. 
Eherenfeld, 108. 

Elirhard, 73. 

Eicher, 39, 44. 

Erdmann, 187. 

Essers, 58, 184. 

Evans, 317, 324, 340, 345, 346. 


Faillebin, 234. 

Fiegol, 49. 

Fileti, 16, 19, 25. 

Finkelsttiin, 13. 

Finzi, 97, 126. 

Fischer, 33, 40, ()5, 73. 

Fleck, 12, 15, 16, 33, 36, 76. 

Fleming-8truthers, 54, 196, 198. 

Forster, 73. 

Foster, 294-297. 

Fourneau, 146, 147. 

Franchimont, 76, 87. 

Frankland, 11, 12, 13, 16- 23, 25, 27, 31-33, 
35, 36, 38-41, 44, 219, 223-225, 301- 
303, 309, 313, 333. 

Franklin, 40. 

Freund, 17, 23. 

Friedel, 13, 18, 20, 250, 252, 256, 257, 259, 
263, 283, 284. 

Fromm, 27. 

Fujimoto, 68. 

Fiirstenhoflf, 13, 232. 


Gabaeini, 126. 

Gajewski, 198. 

Gal, 20, 23. 

Ganuag^, 81, 95, 96. 

Gaucrke, 42-44. 

GazaroUi-Thumlakli, 18, 22, 24, 26. 
Genssler, 65, 57, 103, 184. 

Genzken, 93. 

Gerhardt, 47. 

CJersch, 167, 168. 

Ghira, 31, 34, 301, 333. 

Gibson, 4, 9, 79, 94. 

Gilman, 11, 12, 14-16, 340. 

Gladstone, 18, 19, 23, 24, 301. 

Glinsky, 190. 

Godchaux, 122. 

Goddard, A. E., 36-38, 43, 76, 85, 98, 
220-222, 236-240, 242-244, 302, 317, 
322, 324, 338, 340, 342, 343, 346, 346, 
360. 

Goddard, D. (Mrs), 76, 221, 222, 302, 317, 
322, 338, 340, 342, 343, 346. 


Goldacker, 126. 

Goret, 36, 43. 

Goriainow, 21. 

Gould, 31, 34, 36, 37, 40, 43, 44. 
Grabowski, 21. 

Graoff, 77, 87. 

Grafllin, 78, 79, 88. 

Graham, 20. 

Granichstadton, 22, 23. 

<»reenlaw, 17. 

Greer, 304, 313, 315. 

(irignard, 196, 197, 233. 

Grigorowitsch, 23, 54. 

Grillo, 213. 

Grimm, 302, 310. 

Grossc, 3, 5, 8, 221, 235, 242, 243. 

Griittner, 5, 12, 13, 14, 16, 26, 28, 33, 76, 
77, 81, 85, 86, 88, 92, 94-96, 208, 234, 
263, 269, 291, 302, 303, 305, 307, 311, 
314, 317, 325, 326, 333 -338, 341-343, 
348, 351. 

Grutzner, 140. 

Guichard, 35. 

Guilt z, 19. 

Gwo.sd()W, 26. 

Haas, 189, 190. 

Hackft)rd, 270, 271, 282, 283. 

Hager, 4, 5, 39. 

Hallwachs, 12, 232. 

Hamilton, 78, 93. 

Hammond, 106. 

Hance, 291, 292. 

Hank(s 104. 

Hansen, 221, 237. 

Hanson, 205, 

Hantzsch, 53, 56, 144, 146, 198. 

Harden, 208. 

Hart. 158, 254. 

Hartwig, 13, 221, 237. 

Haseiibaumer, 77. 

Hassc, 17, 19. 

Heidelbcrgcr, 113, 129, 205. 

Hein, 13, 34, 73, 78, 80, 81, 122. 

Heller, 304, 312. 

Hellon, 64. 

Henry, 22-24, 45. 

Henry. T. A., 152, 153, 192-196. 

Herman, 26. 

Herrera, 217. 

Herrmann, 141. 

Heumann, 76, 87. 

Heuter, 164, 168, 171. 

Hill, 42-44. 

Hilpert, 5, 12-14, 16, 20, 28, 31-33, 40, 41, 
76, 77, 85, 86, 88, 92. 94, 96, 208, 
234. 

Hinsberg, 21, 

Hirschfelder, 168. 

Hjortdahl, 305, 306, 308-310. 

Hobson, 17, 20. 

Hochwalt, 339. 

Hodgson, 144, 

Hofman, 13, 20. 

Hofmann, 46,48-^0, 52-^, 60,62, 64,180- 
182, 184-188, 190. 
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Holtz, 4, 5, 6. 

Holzmann, 32. 

Howard, 31. 

Ipatibw, 16 . 

Jacobs, 113, 129, 205. 

Jacobsohn, 118, 121, 123, 124. 

Jacobson, 80, 81. 

Japp, 23. 

Jenkins, 233. 

Jenson, 74, 84. 

Job, 25. 

Johnson, 188, 189. 

Jolibois, 333. 

Jones, 32, 34, 38, 79, 80, 95. 

Jurgens, 105. 

Kahlfttss, 19. 

KaUe, 23. 

Kaulfuss, 16. 

Kawamura, 3, 6, 8. 

Keiser, 181. 

Kekul6, 76, 87. 

Kelbe, 82. 

Kenner, 106. 

Kharasch, 63, 64, 75, 78, 79, 80, 86, 88, 
104, 105, 118, 121, 123-125, 147, 156, 
159, 206. 

Khotinskv, 93, 95, 219, 223, 225, 226, 229, 
284. ‘ 

Kipping, 248, 250, 254, 258, 262-272, 275, 
278-285, 287-290, 307, 318, 320, 323, 

325. 

Kirmreuther, 188, 190. 

Klein, 131. 

Klippel, 336, 338. 

Klug, 183. 

Koohlin, 76, 87. 

Koten, 42, 94, 190. 

Kdthner, 187. 

Krafft, 77. 

TC'PAcsflmxirAlri I ^ 

Kraus, 3, 6, 8 V 31 V 266 , 294-297, 304, 305, 
313-4115, 321, 328. 

Krause, 9, 12, 13, 27, 31, 34, 219-221, 224- 
229, 231, 233, 235, 242, 243, 263, 291, 
302-305, 307, 308, 311, 317, 318, 321- 
323, 325-327, 329, 333-338, 341-345, 
348, 350, 351. 

Kulmiz, 306. 

Kunz, 79, 93, 94. 

Kursanov, 96. 

KutsoherofP, 54, 187. 

Lachmahn, 16, 18,22, 23, 25, 292. 

La Coste, 35, 77. 

Ladenburg, 13, 17, 23, 73, 77, 79, 87, 250, 
251, 253-259, 263, 266, 268, 269, 279, 
283, 284, 301, 304-^06, 309, 314, 321, 

326. 

Landolt, 32. 

Lang, 22. 

Lasfiem, 53, 54, 57. 

Laubengayer, 291. 

DsvToff, 11. 


Law, 320, 327. 

Lawrance, 13, 21, 301, 333. 

Lo Comte, 181. 

Lederer, 342. 

Lebnardt, 308, 311, 312. 

Leone, 233. 

Letts, 26, 301, 302. 

Ijouc'k, 205. 

Uy, 40, 64, 67. 

L(\yR, 53, 155. 

Lieso, 173. 

Link. 77. 

Linnomann, 33, 44. 

Lippmann, .34, 42. 

Lloyd, 250, 266. 272, 279, 284. 

Lohr, 12, 13, 15, 16, 27, 32, 33, 36. 

I^iloff, 142. 

Lommen, 118. 

Louise, 37, 232, 233. 

I^wig, 309, 313, 336. 

Luff, 267, 271, 280, 281. 

Lwow, 17, 21. 

Lyons, 77. 

MUlelanj), 74, 80. 

M^Ewen, 188. 189. 

Maguire, 181. 

Mahrlein, 190. 

Mameli, 140, 149, 151, 152, 154. 
Mameli-Mannessier, 151, 

Mamlock, 22. 

Manchot, 58, 142, 150, 154, 155, 183, 184, 
186, 189, 190. 

Marcus, 3, 6, 8. 

Mark, 7. 

Marker, 86. 

Markownikoff, 24. 

Marquardt, 13, 24, 25. 37, 38. 

Marsden, 262-264, 269, 280. 

Marsh, 54, 196, 198. 

Martin, 254, 258, 266, 269, 272, 284. 
Marvel, 4, 5, 31, 34, 36, 37, 39, 40, 43, 44 
178. 

Maschmanu, 149, 176. 

Matsumiya, 96. 

Matthews, 31. 

Maynard, 31, 39, 41, 72, 90, 91. 

Meads, 268, 283. 

Melamed, 93, 95, 219, 223, 225, 229, 231. 
Melser, 252, 264, 266, 259, 269, 283, 284. 
Merck, 151. 

Meves, 62. 

Meyer, V., 20, 221, 235, 237, 311. 

Meyer, 236, 333. 

Michael, 25, 26, 64. 

Michaelis, 36, 73, 76-82, 87, 92, 93, 95, 121, 
122, 141, 143, 225, 227, 228, 229. 
Michetti, 117. 

Middleton, 139-141, 143, 192, 196. 

Mid^ey, 339. 

Miller, 23. 

Mills, 215. 

MitoheU, 203, 204. 

MoUer, 335, 338, 343. 

Moore, 22. 

Moigan, 294-297. 
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Morgimow, 13, 303. 

Mories, 81, 96. 

MiUler, 32. 

Mumm, 186, 187. 

Murray, 267. 

Nbf, 189. 

Nieuwland, 181. 

Nightingale, 11. 

Nitsohe, 219, 224-226. 

Normand, 333. 

Nyberg, 63. 

Ochs, 6. 

Odling, 13, 33, 232. 

Oliveri-Mandalft., 192, 210. 

Oppenheim, 13, 33, 64, 173. 

Oppenheimer, 64. 

Omdorff, 292-296, 297, 298, 

Otto, 32, 34,41,42, 73, 74-76, 79, 81, 87-91, 
93, 96, 97. 

Paderi, 210. 

Paolini, 143, 161, 164, 155, 158, 200. 

Pape, 13, 23, 24, 250, 251, 253, 255, 257. 
Patornd, 21, 22. 

Pawlow, 17, 18, 22, 23. 

Peachey, 13, .301, 303, 307, 308, 311, 312. 
Pebal, 19. 

Peratoner, 21. 

Perkin, 181. 

Peaci, 73-76, 91, 112, 113, 116, 120-124, 
126, 131, 132, 162 164. 

Peters, 77, 78, 87, 88, 93, 198. 

Petterson, 62. 

Pfeiffer, 73, 301, 308-313, 316, 323, 333, 
336-338,340,343,345. 

Kccard, 125, 206. 

Piccinini, 112, 124. 

Pickens, 11. 

Pigorini, 124. 

Plimpton, 181. 

Pohland, 317, 323, 325, 327, 336, 344. 
Poleck, 186. 

PoHs, 259, 262, 266, 267, 269, 316, 339, 340, 
346-347. 

Ponzio, 25, 37. 

Pope, 4, 9, 13, 79, 94, 301, .303, 307, 308, 
311, 312. 

Popper, 25. 

Prager, 63. 

Proskouriakoff, 144-146, 156, 168, 204. 
Prussia, 125. 

Purvis, 74, 80. 

QtJiNOKE, 232. 

Eabihebsok, 121, 141. 

Eaoky, 284. 

Baffo, 125. 

Ragosin, 24. 

Eaiziss, 144-146, 166, 168, 204. 

Eathke, 19. 

Eeese, 73, 88. 

Beioh, 9, 25. 

Eeinkober, 189. 


Eeissaus, 344, 348, 350. 

Eeissert, 106. 

Eeitzenstein, 112-114, 131, 139. 

Benning, 284. 

Eenshaw, 17. 

Eenwanz, 318, 341. 

Rotter, 31, 34, 73, 78, 80, 81, 122. 
Reynolds, 64, 57. 

Rf^ynoso, 47. 

Richter, 227, 228. 

Rieth, 19, 21. 

Robinson, 319- 321, 340. 

Robison, 268, 268, 270, 275 
Boeder, 88, 91, 142. 

Roman, 215. 

Rosen, 266. 

Rosenthaler, 68. 

Rossi, 125, 129, 133. 

Bother, 129. 

Roux, 37, 232, 233. 

Riigheimer, 314. 

Rupp, 141, 161, 167. 

Ruspaggiari, 112, 124. 

Sachs, 88, 89, 162-165, 213 
Saizew, 21. 

Sakauri, 40, 45, 46. 

Sand, 50, 52, 65, 57, 59, 60, 103, 180, 181, 
183-185, 201-203, 287. 

Sandborn, 177. 

Saytzeff, 190. 

Sciiafarik, 12, 13, 232. 

Scherer, 13, 316, 322, 324, 326, 328. 
Schlenk, 3-8, 33, 122, 284. 

Schliittig, 342, 351. 

Schmitt, 20. 

Schmitz, 317, 318, 341, 343, 345, 348, 350, 
351. 

Schnurmann, 301, 302, 316, 323. 

SchocUer, 68, 59, 66, 66, 126, 129, 164, 171, 
173, 177, 184. 

Scholl, 63. 

Schon, 19. 

Schorigin, 5, 33, 35, 38. 

Schorleramer, 34, 42. 

Schrauth, 68, 69, 65, 66, 126, 129, 164, 171, 
173, 177, 184, 210. 

Schroeder, 39, 41. 

Schtscherbakoff, 24, 36, 37. 

Schulemann, 132, 133, 158, 178. 

Schulte, 36. 

Schultze, 82. 

Schulze, 11, 12, 14-16. 

Schwalte, 101. 

Schwarze, 77, 87. 

Seidel, 32, 35, 39, 41. 

Seiler, 190. 

Sell, 34, 42. 

Selmi, 47. 

Seregenkoff, 284. 

Sessions, 304, 314. 

Sharp, 152, 153, 192-195. 

Singer, 59, 60,181, 183, 201-203. 

Smith, 37. 

Smith, C., 203, 204. 

Smith, H., 307, 318, 320, 323, 325. 
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Snoed, 39, 41. 

Sobero, 47. 

Sdderback, 74, 89. 

Sperry, 216. 

Ssimonowitsch, 16, 19. 

Ssokoloff, 25, 37. 

Stamm, 11.3, 131, 

Staveley, 63, 64. 

Steinkopf, 42, 63, 74, 75, 82-84, 86-89, 94, 
96-101, 222. 

Stock, 223, 224. 

Stoehr, 50, 52, 183. 

Strecker, 40, 42, 309. 

Struensee, 177. 

Suida, 35, 42, 76. 


Tabeen, 292-295, 297, 298. 

Tafel, 37, 38, 43, 335. 

Tartarini, 132. 

Taurke, 260, 251, 253, 256. 
von Than, 45. 

Thiele, 190. 

Thomas, 234. 

Thummel, 186. 

Thurman, 78, 79, 93. 

Tiffcneau, 81, 95, 96. 

Tolkatschew, 18. 

Travers, 181. 

Tribe, 18, 24. 

Truskier, 73, 333, 336, 337, 340, 345. 


Uthemann, 191. 


Vecchiotti, 112 , 116-118, 130, 131. 
Vila, 146, 147. 


Volhard, 97, 99. 

Vyle, 268. 

Waqa, 16. 

Wagler, 34, 73, 78, 80, 81, 122. 

Wagner, 21, 22, 24. 

Walden, 34. 

Wanklyn, 5, 16, 20, 21, 27, 46. 

W'ayler, 31. 

Weehuizen, 192. 

Weller, 80, 95. 

Wendt, 9, 12, 220, 233. 

Werner, 22, 23, 32, 34, 40, 79, 80, 96, 309. 
W'hitc, 207. 

Whitmore, 78, 79, 93, 108, 122, 134, 139- 
141, 143, 162, 164, 192, 205. 

Wlbaut, 105. 

Wlchelhaus, 13, 19. 

Widdowson, 254. 

Wilcox, 23. 

Wlllgerodt, 35. 41, 76, 87, 88. 

Winkler, 13, 292, 293. 

Wischin, 20. 

Witt, 59. 

Wolff, 79, 95. 

Wolff(»nstein, 22. 

Woodward, 162, 164. 

Worobjeff, 16. 

Wrenshall, 68. 

Wunstorf, 168. 

Wurtz, 21, 74, 79. 

Zechmeister, 340, 346, 347. 

Zeidler, 223, 224. 

Zeiser, 36, 79. 

Zelinsky, 26. 

Zinin, 44. 



SUBJECT INDEX. 


N.B .—Index is arranged under headings of elements placed in their order of 
appearing in the Periodic Classification. Where more than one reference is given those 
references in italics indicate where the preparation and properties of the compound in 
question may be found. 


Lithium. 


Lithium woamyl, 5. 

„ w-butyl, 4. 

„ ethyl, 3, 4. 

„ methyl, 3, 4, 

„ phenyl, 3, 5. 

„ trij)henylmetbyl, 5. 

Sodium. 

8 odium w'oamyl, 38. 

„ p-anisyJ-biphenylene-methyl, 8. 

„ benzyl, fi. 

„ biphenylene-phenyl-methyl, 7. 

„ di-biphenylyl-a-naphthyl-raethyl, 7. 

„ ethyl, d, 35. 

„ methyl, 5, 33. 

„ phenyl, 6. 

„ phenyl-biphenylyl-a-naphthyl-mcthyl, 7. 

„ triphenylmcthyl, 3, 6. 


Potassium. 

Potassium triphenylmcthyl, 8. 


Rubidium ethyl, 8. 

„ triphenylmcthyl, 8. 


Rubidium. 


Caesium ethyl, 8. 

„ triphenylmcthyl, 9. 

Cuprous phenyl, 3, 9. 


CcBsium. 

Copper. 


Silver. 


Silver phenyl, 4, 9. 

„ „ , compound with silver nitrate, 319, 351, 


Gold. 

Amminodiethylaurio bromide, 10, 
Diethylauric bromide, 3, 9. 

Ethylauric dibromide, 10. 

Calcium. 

Calcium, organic comidexes of, 11. 


Beryllium. 

Beryllium w-butyl iodide, 15. 

„ di-»-butyl, 16. 

„ diethyl, 11, 14, 36. 
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Beryllium dimethyl, 12, li, 

„ diphenyl, 16. 

„ dipropyl, 11, 15, 37. 

„ di-p-tolyl, 16. 

„ ethyl bromide, 15. 

„ „ chloride, 15. 

„ „ iodide, 15. 

„ methyl iodide, 12, 14, 15. 

„ phenyl iodide, 12, 15. 

McLgnesium. 

Magnesium diethyl, 12, 16, 36. 

„ dimethyl, 15, 33. 

„ diphenyl, 12, 16, 76. 

„ dipropyl, 16, 

Zinc. 

Zinc di-woamyl, 12, 25, 38. 

„ „ , physical constants of, 357. 

„ di-isobutyl, 24. 

„ „ , physical constants of, 357. 

Zinc diethyl, 8, 18, 19, 20, 25, 26, 29, 33, 36, 221, 224, 237, 260, 251, 265-267, 259, 
263, 292, 301, 302, 332, 333. 

„ „ , reactions of, 20-23. 

„ „ , physical constants of, 357. 

„ dimethyl, 12, 16, 17, 21, 25, 27, 31, 33, 223, 248, 258, 303, 333. 

„ „ , reactions of, 17, 18. 

„ diphenyl, 13, 26, 76, 316. 

„ dipropyl, 23, 37, 260, 302. 

„ „ , physical constants of, 357. 

„ di-i5opropyl, 24. 

„ ethylate, 18. 

„ ethyl wobutyl, 357. 

„ ethyl iodide, 26. 

„ „ 7^-propyl, 357. 

„ ethyl trichloroothylate, 26. 

„ methylate, 17. 

„ methyl ethylate, 18, 25. 

„ „ iodide, 16. 

„ „ methylate, 17, 25. 

„ isopropyl isoamyl, 357. 

„ w-propyl isobutyl, 357. 

„ isopropyl iodide, 26. 

Oadmium. 

Cadmium di-isoamyl, 28, 358, 359. 

„ di-ji-butyl, 28, 358, 359. 

„ di-isobutyl, 28, 358, 359. 

„ diethyl, 27, 36, 358, 359. 

„ dimethyl, 27, 358, 359. 

„ diphenyl, 14, 28, 76. 

„ di-»-propyl, 28, 358, 359. 

Mercury. 

Acetaldehyde, mercuration of, 47. 
m-Aoetaminobenzoic acid, mercuration of, 172. 

p-Acetaminophenylmercuric acetate, chloride, hydroxidCi sulphate, 124,125. 
Acetanilide, mercuration of, 124. 

Acetic acid, „ „ , 58. 

„ acids, substituted, mercuration of, 64. 

Acetone, reaction with mercuric cyanide, 64. 

** >* ft „ acetate, 66. 

Acetophenone, mercuration of, 196. 

Aceto-diethyl-methyl-mercurio chloride, 65. 
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Aoeto-dimethyl-methyl-merouric chloride, 65. 

Aoetoxymercuri-aceto-o-toluidide, 130. 

„ -w- „ , 131. 

•• tf »» »» »» »» > 131. 

,, „ -aoetylanthranilio methyl ester, chloride, 170^ 171, 

„ „ -|»-aminobenzoic ethyl ester) chJoiide, sulphide, 164, 174, 176, 

„ „ „ „ „ „ „ , mercuric acetate salt of, 174. 

!- „ „ p-i«oamylphenol, 163. 

I- „ „ aniline, compounds from diazotised, 205. 

„ „ anisole, 147, 142. 

>- „ , 141, 142, 

„ „ -anthranilic methyl ester, 169. 

„ „ -benzoneazo-p-oresol, chloride, 204. 

I- „ „ -)5-benzeneazo-a-naphthol, 204. 

I- „ „ benzeneazo-l-naphthylamine-5-suIpJioiiic acid, 205. 

„ „ „ -o-nitrophcnol, bromide, 204. 

I- „ „ „ -phenol, 205. 

f- „ „ ,, -resorcinol, 205. 

„ ,, -benzidine, hydrochloride, l.‘12. 

„ -6w-benzeneazo-a-naphthol, 204. 

„ „ -p-bromodimethylanilino, ill, 122. 

„ „ -/7-t*.<fobutoxy-/?-phcnylproj>ionic methyl cskr, anh 3 'dride, 178. 

„ „ -p-ter^.-butylphenol, 153. 

,, „ carviicrol, 152. 

„ „ -p-chloroacctanilide, 120. 

„ „ -p-chloroaniline, acetyl derivative, hydroxide, (jhloride, 118. 

„ „ -o- „ „ , hydroxide, acetyl derivative, 117. 

„ „ -p-cresol, 137, 150, 

„ „ -o-cresol, chloride, nitrate, 149. 

>» »» »» »» >* » * 149. 

„ „ -3-diacetoxymercuriphcnyl-5'pyrazolone, dichloride, 213. 

„ -diacetyl-o-nitraniline and acetyl derivative, 119. 

„ „ -2 ; 4-diohloroaniline, acetyl derivative, chloride, hydroxide, 111, 

118, 

„ „ 4'-diethylaminoazobenzene, 205. 

,, „ -m-dimethylaminoanisolo hydrochloride, 147. 

„ „ 4'-dimethylaminoazoben2ene, 206. 

„ „ -m-dimethylaminophenol, 147. 

„ „ -m-dimethyIaminoj>henyl acetate, 137, 147. 

„ „ -dimothylanthranilic methyl ester, chloride, bromide, iodide, 172. 

„ „ -dimethyl ether, chloride, 184. 

„ „ dimethyl-p-toluidinc, chloride, bromide, iodide, hydi-oxide, nitrate, 

132, 

„ „ -diphenylamine, chloride, hydroxide, 126. 

„ „ -jff-ethoxy-/9-phenylpropionic methyl ester, chloride, bromide, 

iodide. Internal anhydride, 177. 

„ „ - ^-ethoxy-/?-phenylpropiophenono, 196. 

„ „ -ethylanthranilic ethyl ester, methyl ester, 172. 

„ „ -othylmethyl ether, 68, 184. 

„ „ formic ethyl ester and derivatives, 68. 

,, ,, „ methyl ,, ,, ,, , 58. 

,. „ -3-hydroxy benzaldehyde, 193. 

„ „ -/5-hydroxysuocinio acid, derivative of, 67. 

„ „ -4-hydroxy-2-methyl-5-t«opropyl-benzaldehyde, 152. 

„ „ -3-hydroxy-tetrahydronaphthalene, 103. 

„ „ -o-iodoaniline, hydroxide, iodide, 118. 

„ „ -p- „ „ „ , acetyl derivative, 118. 

„ „ -6-iodothymol, chloride, bromide, oxide, 152. 

,, „ -/?-methoxy-j5-phenyl-p-chloropropiophenone, 197. 

„ „ „ „ -/?-phenylpropionic ethyl ester, benzyl ester, 178. 

M „ „ „ „ „ „ Z-menthvl ester, chloride, bromide, 

178. ‘ 

„ „ „ „ „ „ „ methyl ester, chloride, bromide, 

iodide, 177. 

„ „ „ n -jS'^phenylpropiophenone, 196. 

„ „ methylanthranilio methyl ester, chloride, bromide, iodide, 171. 
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l-Acetoxyinercurimcthyl-4-bromo-l ; 2-dihydrobonzofurane, 216. 

1- „ „ „ -1 :2-dihydrobonzofurane, chloride, bromide, iodide, 216. 

2 >-Aoetoxymercuri-iiiethyldiphenylamine, hydroxide, 126. 

3- „ „ -1-methylindole, 214. 

l-Acetoxymercurimethyl-6-methyl-l : 2-diiiydrobenzofurane, 216. 

1- „ „ '6. ,/ „ „ ,216. 

1* »» »» ft “4“ ,, ,, ,, ,, , 216. 

3-Acetoxymercuri-2-methyl-l-phthalyl indole, 214. 

„ „ -i\7-methylthiodiphenylamine, 126. 

1- „ „ -/5-naphthol, 138, 158, 

2- „ „ -l-naphthol-4-8ulphonic acid (sodium salt), 138, 157. 

1- „ „ -2- -6- „ „ „ „ ,138,76.^. 

1- „ „ -)?-naphthylamino, 133. 

p- „ „ -o-nitroaniline, 111, 118. 

P’ „ » -w- „ , 119. 

o- „ „ -p- ., „ , acetyl derivative, IIU^ 120. 

8(?)- „ „ -2-nitro-4-bcnzeneazo-a-naphthol, 204. 

8(?)- „ -4- „ -2- „ „ „ ,204. 

6- „ ,, -3-nitr(>*4-hydn»xybc.nzaldehydc, 194. 

„ „ -2- „ -3- ‘ , 196. 

o- „ „ phenetolc, chloride, bromide, iodide, 143. 

P- .. ,, , US, 144. 

o- ,, „ phenol, hydroxide, iiit(>riial oxide, bromide, iodide, nitrate, sul¬ 

phate, 140. 

p- „ „ phenol, hydroxide, bromide, iodide, nitrate, suljdiate, 140. 

2- Acetoxymercuriphenylglycine, ethyl ester, 127. 

a-Acetoxymercuri-j8-propoxy-j3-phenylpropionio methyl ester, chloride, bromide, 
iodide, internal anhydride, 177. 

a- ,, „ - )?-»>opropoxy- jfif-phenylpropionic methyl ester, anhydride, 177,178. 

„ „ -salicylic methyl ester, 162, 167. 

„ „ „ ethyl „ , 167. 

2- „ ,, thymol, chloride, bromide, nitrate, oxide, sulphate, 151, 152. 

6- „ „ „ , bromide, hydroxide, „ „ „ , 152. 

6- „ „ toluene-2-azophenol, 205. 

,, „ o-tolylglycine ethyl ester, 128. 

„ „ m- „ „ „ „ , anhydride, 129. 

„ P- „ „ » » „ , 129. 

5- „ „ -o-toluidine, 129. 

6- „ „ -m- „ , 130. 

„ ,, -p- „ , chloride, hydroxide, 131. 

Acetylene, interaction with mercuric salts, 186, 187. 

** Acetylene mercury,” 186. 

„ ,, oxychloride, 186. 

„ tetrabromide, interaction with mercuric cyanide, 189. 

Acid anilides, inercuration of, 124. 

Acrylic acid, „ ,,, 66. 

Aldehydes, mercuration of aliphatic, 53. 

Aliphatic acids, unsaturated, mercuration of, 66. 

Alkyl mercuric halides, electrolysis in liquid ammonia, 30, 31. 

Alkyl phenols, mercuration of, 163. 

Allylacetoxime, reaction with mercuric acetate, 202. 

Allyl alcohol, mercuration of, 47, 50. 
p-AUyl anisole, mercuiy derivatives of, 143. 

AUylene, interaction with mercuric salts, 187, 188, 

AUylmercuric hydroxide and salts, 44, 45. 

„ „ iodide, 33, 44. 

o-Allylphenol, mercuration of, 216. 

1: 8-Amidonaphthol-3 : 6-disulphonic acid (H acid), reaction with mercuric salts, 168. 
1:8- „ „ -4:6- „ „ (K acid), „ „ „ „ , 168. 

1:8- „ „ -4-sulphonic acid, reaction with mercuric salts, 168. 

w-Aminobenzoic acid, mercury derivatives of, 172. 
p- „ „ „ and esters, mercury derivatives of, 173-176. 

Aminomethane disulphonic acid, mercuration of, 68. 

Aminophenols, mercuration of, 147. 
o-Arainophenylmercuric acetate. 111, 116. 
c- „ ,, „ t acetyl derivative^ 116. 
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o-Aminophenylmercuric acetate, condensation with dinitrophenylpyridinium chloride, 

116. 

jP" >> »» » 222, 

p- „ „ , acetyl derivative, 113. 

P" 9r »» t* f condensation with dinitrophenylpyridinium chloride 

and propargyl acetal, JJ3, 114, 
p-Aminophenylmercuric chloride, 115, 116, 222. 
p- „ M M » condensation products, 115, 116, 

p- „ „ hydroxide and salts, 114-116, 

p- „ „ thiosulphate. 116, 116, 

w-Aminophenyl-trimethylammonium chloride, mercuration of, 149. 
w-Amylacetylene, mercuration of, 188. 

Amyl alcohol, „ „, 47. 

t^fo-Amyl hydroxymercuri-oci-nitro-acetate anhydride, 64. 
n-Amylmercuric bromide, 44. 

UH,- „ „ „ , 30, 44, 

iso- „ „ chloride, 38, 44, 87, 360. 

iso- „ „ iodide, 38, 44, 

iso-Amylphenol, mercuration of, 153. 

4 : 5-Anhydro-3-acetoxymercuri-5-hydroxymcrcuri-4-hydroxybenzal(iehydc, 194. 

2 ; 3- „ -2 : 6-dihydroxymercuri-4-nitro-3-hydroxybcnzaldchyde, 195. 

„ -2-hydroxy-3-hydroxymcrcuri-5-methylazobenzene-2"-(;arboxylic acid, 206. 

»» *9 99 99 99 99 9* “4 - ,, „ ,206. 

„ -a-hydroxy-mcrcuribenzoyl acetic acid, 63. 

„ -a-hydroxymercuri-a-hydroxymethyl succinic acid, derivatives of, 67. 

Anilines, halogenatcd, mercuration of, 117. 
a*Anilido fatty acids and esters, mercuration of, 126. 

Anisole, mercuration of, 137, 141. 

Anisylindole, mercuration of, 214. 
p-Anisylmercurio chloride, 87, 140, 230. 
p. „ „ oxide, 142. 

Anthranilic esters, mercuration of, 160, 168-171, 

Apiol, mercuration of, 137, 155, 
iso-Apiol, „ of, 137. 

Aromatic acids, mercuration of, 160. 

„ nitro compounds, merfturation of, 104-108, 

„ sulphonic acids, „ „, 108, 109. 

Aryl hydroxy-fatty acids, „ „, 68. 

Aryloxy-fatty acids, „ ,,,191. 

Azo compounds, mercurated, 203-205, 

Behenolic esters, mercuration of, 68. 

Benzalacetophenone, „ „ , 196. 

Benzeneazophenol, „ ,,, 203. 

Benzeneazo-p-cresol, „ „, 204. 

.Benzene sidphonic acid, inerciuration of, 109. 

Benzidene, „ „, 132. 

Benzoic acid, „ „, 160, 162, 

Benzophenone, „ ,,, 197. 

Benzoylacetic acid, „ „, 63. 

m-Benzoylaminobenzoic acid, mercuration of, 173. 

Benzoylmethyl-mercuric chloride, 63. 
p-BenzylaminophenylmSrcuric acetate, chloride, hydroxide, nitrate, 124. 
Benzylaniline, mercuration of, 124. 

Benzylmercuric acetate, 96. 

,, „ bromide, iodide, 86, 95, 

„ „ chloride, 80, 85, 87, 94, 

„ „ cyanide, 96. 

„ „ ethyl xanthate, 191. 

Benzyl mercury compounds, 79, 80, 94, 95. 
p-Bismercurianiline, 222. 

p-Bromodimethylaniline, mercuration of. 111, 122, 

4-Bromo-4-hydroxy-3-acetoxymercuri-l-triacetoxymercuriphenyl-2 : 3-dimethy 1-5- 
pyrazolone, chloride, hydroxide, 212. 

Bromomercuri acetic acid, 58. 
o-Bromomercuri benzophenone, 198. 

6- „ „ •2-bromothiophene, 99. 
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a-Bromomerouri camphor, iodide, 200. 

6- „ „ -2-ohlorothiophene, 99, 

6- „ „ *2:4-diphenyl-selenophenc, 217. 

a- „ „ -jS-cthoxy-d-phenylpropiophonone, 197. 

„ „ -otliyl methyl ether, chloride, iodide, sulphide, 184. 

2- „ „ -3-hydroxy-tetrahydronaphthalene, 103. 

6- „ „ -2-iodotliiopheno, 99. 

a- „ „ -/l-nicthoxy-/S»-phenylpropiophenono, 197. 

1- „ „ methyl-4«bromo-l : 2>dihydrobeiizofuraiic, 21(). 

5* „ „ -2-methyltiiiophene, 101. 

4- „ „ -2-nitrotoluene, 107. 

2- „ „ thiophene, 98. 

4-Bromo-1-phenyl-2 : 3-dimethyl-6-pyrazolone, mei'curation of, 212. 
o-Bromophenylmercurio acetate, chloride, 104. 


jP" » » >♦ »» > 104. 

Butanol mercuric chloride, bromide, 185. 

Butene mercuric iodide, 185. 

<erf.-Butylacetylene, mercuration of, 188. 

/^obutylene, interaction with mercuric salts, 186. 
wo-Butyl hydroxymercuri-flci-nitro-acetato anhydride, 04. 
w-Butylmercuric bromide, iodide, 43. 

„ „ „ chloride, 43, 87. 

„ „ „ ethyl xanthate, 191. 

wo- „ „ hydroxide and salts, 43. 

sec,‘ „ „ chloride, 43. 

„ „ „ bromide, 30, 43. 

„ „ „ iodide, 38, 43. 

tert.- „ „ bromide, 30, 43. 

teri.-Butylphenol, mercuration of, 153. 

Camphene, mercuration of, 200. 

Camphor, „ „, 198-200. 

Camphor carboxylic acid, mercuration of, 200. 

Cane sugar, mercuration of, 47, 60, 

Cellulose, ,, „, 47. 

Carbon disulphide, reaction with alkyl or aryl mercuric hydroxides, 190. 

Carvacrol, mercuration of, 137, 152. 

Carvacrolaldehyde, met*curation of, 152. 

Chaulmoogric acid, „ „ , 68. 

5-Chloro-4-acetoxymercuri-1 -phenyl-3-methylpyrazolone, dicldoride, 213. 
o-Chloroaniline, mercuration of, 117. 


w- ,, ,, ,, ,,, 118. 

P" ?> >f »» 9t f 116. 

Chloratodimercuraoetaldehyde, 63. 

Ohloratotrimercuriacetaldehyde, 53, 187. 

Chloromercuri-aceto-o-toluimde, 130. 

2-Ohloromercuri-2-acetyl-indandione, 198. 

„ „ -jp-aminobenzoio acid, 174. 

„ „ amyloxy-dicyclopentadiene, 190. 

6- „ „ -2-woamylthiophene, 100. 

o- „ „ anisole, bromide, 141; iodide, 137, 

p- ff M » f 137, 142; bromide, iodide, 142. 

„ „ -anthranilic methyl ester, 169 ; bromide, iodide, 170. 

o- „ „ benzoic acid, sodium salt, 161, 163. 

p- » „ „ „ , 161, 162, 163, 1^ ; bromide, iodide, 163, 164. 

p- n »» f* „ , acid chloride, n-butyl ester, 164. 

o- „ „ benzoic methyl ester, 162, 164. 

o- „ „ benzophenono, 197. 

o- n benzoyl chloride, 162, 164, 166, 

5- „ „ -2-benzyltMophene, 70, 83, 101. 

<>’ ». M -p-bromodimethylaniline, bromide, formate, hydroxide, iodide, 

thiocyanate, 123. 

6- „ „ -2-bromothiophene, bromide, iodide, 99. 

a- „ „ camphor, 199. 

2- „ „ -2-carbethoxy-indandionfi, 198. 

6- „ „ •2-carboxyl4hiopbene, 99. 











SUBJECT INDEX. 


391 


l)-Ohloromerouri-o-ohloroaiiilme, 119. 

o- ff ft -jp- ft ft f 118. 

5< ,» ff •2-chlorothiophezie, bromide, iodide, 98. 

»> »» -p-cresol, 137, 160. 

„ „ „ „ , benzoyl derivative, iodide, 150. 

„ „ „ „ methyl ether, 151. 

6- „ „ -2 :4-dichloroaniline and acetyl derivative, 118. 

3> „ „ -2 :5-dimethylthiophene, 70, 84, 102. 

2- „ „ -3:4- „ „ ,102. 

5- ,, ,, “2:3- „ „ , 102. 

5- „ ,, "2:4- ,, ,, , 102. 

6- „ „ -2:4-diphenyl-selenopheno, 217. 

3- „ „ -2 6- „ thiophene, 103. 

„ „ ethoxy dicylopent^ene, 190. 

6- „ „ -2-ethylthiophene, 101. 

3- „ „ -2-hydroxy-2 : 3-dihydro-2 :5-dimethylthiophene mercurio chloride, 

101. 

5- „ „ -4-hydroxy-4:5-dihydro-2:4- „ „ „ „ 

102. 

5- „ „ -4-hydroxy-3-methyl-6-i80propylbenzaldchyde, acetate, 153. 

3- „ „ -m-hydroxyphenyl-trimethylammoniurn anhydride, 148. 

3- „ „ -p~ ft ft „ „ acetate, 148. 

2- „ „ indandione, 198. 

2- „ „ -5*iodothiophene, 83. 

5- „ „ -2- „ „ , bromide, iodide, 99. 

3- „ „ -4-methoxy-l-dichloromereuriphenyl-2:3“dimethyl-5>pyrazolone, 

211. 

3- ft „ -4-methoxy-l-dichloromercuriphenvl-3-nxethyl-2-ethyl-5- „ 

211. 


„ „ methoxy dicyclopentadiene, 190. 

l-Chloromercurimethyl-4-bromo-l : 2-dihydrobenzofurane, 216. 

1- „ „ -6-oarbomethoxy-l : 2>di}iydrobenzofurane, 216. 

1- „ „ -4-carboxy-l : 2- „ „ , 216. 

1- „ „ -6- „ 1:2- „ „ ,216. 

1- „ „ -4-oarboxyvinylene-l : 2- „ „ , 216, 

(Chloromercuri methyl)-ethyl phenyl carbinol, 196. 
l-Chloromercurimethyl-6-methyl-l : 2-dihydrobenzofurane, 216. 

1- „ „ -5- „ „ „ ,. , 216. 

1- „ „ -4- „ „ „ „ , 216. 

„ „ -2-methyl thiophene, 99. 

?- „ ,, -3- „ „ • 99. 

1- „ „ -^-naphthol, 158. 

5- „ „ -3-nitro-4-hydroxybenzaldehyde, 194. 

ft *» “4- ,, "3* ,, ,, , 195. 

■> ft ‘2- „ •S- ,, ,, , 195, 

4- „ „ 2-nitropheuol, 144. 

2- „ M -4- „ , 145. 

6- ,, ,, -2- ,, , 145. 

4- „ „ -2-nitroresorcinol, 156. 

3- „ ,, •5-nitrosalioylal aniline, 193. 

3- „ „ -5-nitrosalioylio add, 168, 

4- „ ft -2-nitrotoluene, 107. 


p-Chloromercuri phenetole, iodide, 137, 143; bromide, oxide, 143. 
o-Ohloromerouri phenol, 137, 139, 140, 141. 

„ „ „ , aoetyl derivative, 139. 

„ „ „ , sodium salt, 137, 140. 


(2-Chloromerouziphenyl-a-amino) propionic ethyl ester, 127. 
2-Chloromercuiiphenylglyolne ethyl ester, bromide, iodide, 127. 
5-Ohloroinerouii-2-plmnyl thiophene, 99. 
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6-Chloromercuri-2-w-propyl thiophene, 100. 

?- „ „ -3-wopropyl „ , 100. 

„ „ resorcinol, 138, 155, 

3(?)- „ „ salicylaldehyde, 193. 

3(?)' „ „ salioylal aniline, 193. 

3- „ „ salicylic acid, salts, bromide, iodide, 166. 

3- „ „ „ methyl ester, 167. 

o- „ „ thioll^nzoic acid and ethyl ester, 165. 

2- „ „ thiophene, 70, 83, 97, 98, 222. 

5- „ „ ‘O-toluidine, diacetyl derivative, 129. 

Chloromercuri thymol, sodium salt, 161. 

o-ChlorophenylglycoUic acid, mercuration of, 191. 
o-Chlorophenylmercuric acetate, chloride, 104. 
m- ,, ,, ,, ,, , 104. 

P- »» »» » » 104. 

p‘ „ „ chloride, 78, 104, 

6- Chloro-l-phenyl-3-methylpyrazolone, mercuration of, 213. 
2-Chlorotoluene-5-sulphonic acid, mercuration of, 109. 

Cinnamic acid, mercuration of, 161, 176, 

Oitraconic acid, „ „, 67. 

a-Cravoxy-propionic acid, mercuration of, 191. 
o-Cresol „ „ „ „, 137, 149. 

P~ 99 99 99 99 99 9 137, 149. 

p- „ methyl ether, mercuration of, 137, 150, 

Crotonic acid, mercuration of, 67. 

Cumylmercuric chloride, 95. 

Cyanoacetic acid and esters, mercuration of, 62. 

6-C^anomercuri methyl-2 : 4-diphenyl-selenophene, 217. 

1- „ „ ,1*1:2-dihydrobenzofurane, 217. 

l-Cyanomercurimethyl-4-methyl-l : 2-dihydrobenzofurane, 217, 
Cyanomercuri-salicylic acid, 168. 

C^clohexenecarboxylic ester, mercuration of, 68. 

Cyclohexylmercuric bromide, 95. 

„ „ chloride, 87, 95, 

„ „ cyanide, iodide, sulphide, 96. 

,, mercury comi>ounds, 81, 95, 96. 

Cyclomercuri pentamethylene, 208. 

Cyclomercuri polymethylenes, 208-210. 

(^clopentadieno, reaction with mercuric chloride, 190. 
Diacetoxymercuri-aceto-o-toluidide, chloride, bromide, iodide, 130. 

«, „ „ -wt- ,, 131. 

2:6- ,, ,, ,, ~tn- ,, 131. 

i\^-twDiacetoxymercuri-p-arainobenzoic ethyl ester, 162, 173, 174. 

I)iaeetoxymercuri-p-aminobenzoicacid ethyl ester, dichloride, acetyl derivative, 176. 
(2 : 4- „ „ -a-amino) propionic ethyl ester, 127. 

2:6- „ „ -p-woamylphenol, 153. 

2:4- „ „ aniline and acetyl derivative, 116, 117. 

2:4- „ „ anisole, 142. 

^-woDiacetoxymercuri-anthranilic methyl ester, 162, 168. 

2 :4-Diacetoxymercuri-anthramlic methyl ester, 169. 

2:6- „ „ -p-ter^.-butylphenol, 163. 

„ ,, carvacrol, 162. 

4:8- „ „ -o-chloroaniline, 117. 

4:6- „ „ -o- „ „ and acetyl derivative, 117,118, 

2:6- „ „ -p-cresol, 149. 

2:6- „ 99 -P' 99 compound with diazotised sulphanilic acid, 206. 

4:6- „ „ -o-cresol, chloride, nitrate, 149. 

M 99 -o-cresolphthalein, 207. 

3 ; 6- . „ „ dimercuri-4-hydroxybenzaldehyde, 194. 

,* M « -2-nitro-3-hydroxybenzaldehyde, 196. 

3:4- „ „ -4-ethoxy, l-diacetoxymercuriphenyl-2:3'dimethyl-6-pyrazalone, 

4:6- „ „ guaiacol and derivatives, 164. 

3:6- „ „ -p-hydroxyphonyl-trimethylammonium acetate, 148. 

3:4- „ „ -4-methoxy-l-diacetoxymercuriphenyl-2:3-dimethyl-6-pyra2o- 

lone, 210. 
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3 ; 4- Diacetoxymercuri-4-methoxy-1 -diaoetoxymercuripheiiyl-3- methyl - 2 -e thyl - 6-pyra¬ 

zolone, 211. 

3:4- „ „ -4-methoxy-l-acetoxymercuriphenyl - 3 - methyl - 6 - pyrazolone 

and dichloro compound, 212. 

3- M »» -4-methoxy-l-diacetoxymercuriphenyl - 3 - methyl - 6 - pyra¬ 

zolone, 212. 

3:4- „ „ -4-methoxy-l-[diacotoxymercuri-o-tolyl]-3-methyl - 2 - ethyl- 

pyrazolone, 211. 

3.4- „ , -4-methoxy-l-[diacetoxymercuri-p-tolyl]-2:3-dimethyl-6-pyrazo- 

lone, 211. 

„ „ -iV^-methylthiodiphenylamine, 126. 

2:4- „ „ -a-naphthol, 138, JST, 

2:4- „ „ -a-naphihylamine. Ill, i32. 

o-p- „ „ -m-nitroaniline, and acetyl derivative, 119. 

2:6- „ „ -p- „ „ , 120. 

„ „ -6-nitroflalicylic acid, 168. 

2 : 4-Diacetoxymercuri phenetole, 144. 

„ „ phenol, dichloride, 140. 

(2:4-Diaoetoxymorcuriphenyl-a-amino) butyric ethyl ester, dichlorido, dibromide, 

di-iodide, 128. 

( „ „ „ ,, ) icwvalerianic ethyl ester, 128. 

4 : 6-I)iaeetoxymereuri resorcinol dimethyl ether, 138, 166. 

2:6- „ „ salicylal aniline, 193. 

3:5- „ „ sahcylaldehyde, 192. 

2:6- „ „ thiophene, 98. 

2:6- „ „ thymol, sodium salt, anhydride, hydroxide, chloride, nitrate, 151. 

„ „ -o-toluidine, 129. 

2: 5- „ „ -m- „ , hydroxide, chloride, bromide, 130. 

ft ft -fit” ,, ,, ,, „ , 130. 

„ „ -o-tolylglycine ethyl ester, 129. 

„ „ -2:4:6-tribroinobenzeneazo-phenol, 203. 

Diallyl barbituric acid, morcuration of, 68. 

Diazo-acetic esters, „ ,»> ^6. 

Dibenzalacctonc, „ „, 197. 

Dibromoethylene, reaction with mercuric cyanide, 188. 

Dibromofluorescein, mercuration of, 208. 

Dibromomercuri-di-wopropyl ether, iodide, 185. 

2 : 4-Dichloroaniline, mercuration of, 118. 

2 : 6-Dichlorobenzene sulphonic acid, mercuration of, 109. 

3 : 6-Dichlorodimercuri-4-hydroxybenzaldehyde, 194. 

2:6- „ „ -4-nitro-3-hydroxybenzaldehydc, 196. 

/{?ym.-i)ichloroethylene, reaction with mercuric cyanide, 188. 

(4 : 6) ?-Dichloromercuri-m-aminophenyl-trimethylammonium acetate, 149. 

„ benzophenone, 198. 

4:6- „ „ -o-chloraniline and acetyl deriv., 117. 

4:5- ,, ,, -o- ,, ,, , 118. 

„ „ cyclopentadiene, 190. 

2:6- „ ft 3: 4-dimethylthiophcne, 85, J02. 

2:5- „ „ 3-ethylthiophene, 86. 

„ „ fluorescein, 208. 

3:6- „ „ -o-hydroxyphenyl-trimethylammonium anhydride, 148. 

(2 ; 4- „ „ phenyl-a-amino) propionic ethyl ester, 128. 

3:6- „ „ pyridine, 213. 

„ „ resorcinol, 138, J66‘. 

2:6- „ „ thiophene, 84. 9S. 

„ „ „ „ , reactions of, 70. 

Dichloromonohydroxy-trimercuri-acetic acid, 188. 

Dicyclopentadiene, reaction with mercuric chloride, 190. 

p-Diethylaminophenylmercuric acetate, chloride, oxide, hydroxide, quaternary 
ammonium compound, 124. 

Diethylaniline, mercuration of, 124. 

Diethyl diallylmalonate, mercuration of, 68. 

Diethyl o-phenylenediacrylate, mercuration of, 68. 

2 :6-Diformoxydimerouri-4-nitro-3-hydroxybenzaldehyde, 196. 

3:6-Dihydroxydimerouxi-4-hydroxybenzaldehyde, 194. 

2:6- „ -4-ixnino-dihydropyriinidine-3-aoetic acid, mercuration of, 192. 
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Dihydronaplithalene, mercuration of» 103. 

Dihydrozybenzofurane, mercury derivatives of, 215. 

2 : 4*Dihydroxymercuri aniline, 117. 

* „ „ -anthranilio anhydride, 170. 

4:6- „ „ -o-chloroaniline, 117. 

416 ,, ,, *0- ,, ,, 118. 

„ „ -dihydroxyazobenzene sulphonic acid, 204. 

„ „ fluorescein, 207. 

„ „ hydroxyazobeuzene sulphonic acid, 204. 

„ „ -iodomercuri acetic acid and derivatives, 61. 

„ „ -/9-naphthol-azobenzene sulphonic acid, 204. 

(2 : 4-Dihydroxymercuriphenyl-a-amino) butyric anhydride, 128. 

( „ » » ,» „ ) propionic „ , 128. 

Dihydroxymercuri-o-toluidine, acetate, chloride, bromide, iodide, acetotoluidide, 
130. 

1: 8-Dihydroxynaphthalene-3 : 6-disulphonic acid, reaction with mercuric salts, 158. 
aa-Di-iodomercuri camphor, 198. 

/?<Dimethylaminonaphthalene-6«8ulphonic acid, reaction with mercuric acetate, 
134. 

m-Dimethylaminophenol, 137, 147, 
m-Dimethylaminophenyl acetate, 147. 
p-I>imethylaminoj)henylmercuric acetate, methiodide, methochloride, 121. 

„ ^ ,, „ „ , quaternary ammonium compound, 121. 

„ „ „ chloride. 111, 121, 122. 

„ „ „ hydroxide, 121, 122. 

Dimethylaiiiline, mercuration of, 121. 

„ anthranilic methyl ester, mercuration of, 172. 

Dimetliylheptenol, mercuration of, 201. 

4:6-Dimercuri-bis-o-chloroaniline, 117. 

4:5- ., „ ., ,118. 

Dimercurimethylene iodide, 40, 45. 

Dimercury-bis-diphenyl, 81. 

„ -3 : 3'(or 4')-diothyl-2 ; 2': 5 : 6'-dithienylene, 85. 

„ -2 :2"-6 : 6"-dithienyleue, 84. 

„ -3:4:3': 4'-tetramethyl-2 : 2': 5 : 5'-dithienylene, 85. 

2 : 4-Dinitrodimercuribenzylidene oxide, 107. 

4 : 6-Dinitrophenol, mercuration of, 136, 146, 

Diphenic acid, mercuration of, 68. 

Diphenyl, mercury derivatives of, 81. 

Diphenylamine, mercuration of, 125. 

Di(phenylmerouri)-amine, compounds of, 91, 92, 

Diphenylmethyl ketone, mercuration of, 196. 

2 : 4-Diphenyl-selenophene, mercury derivatives of, 217. 

2 :4-Dipropionoxydimercuri-6-nitro-3-hydroxybenzaldehyde, 195. 

Dipropylene oxide dimercuric hydroxide and salts, 51, 52, 

Ethane hexamercarbide, 47, 50, 53. 

„ „ „ , dihalides, perchlorate, dinitrate, sulphate, picrate, 48. 

„ „ „ hexachloride, hexa-iodide, 48, 49. 

Ethanol mercuric chloride, sulphide, sulphate, 181,182, 

„ „ bromide, 58, 181. 

Ethene mercuric iodide, hydroxide, anhydride, nitrate, sulphide, 182. 

Ethyl acetoxymercuri-ethoxy-chaulmoograte, 68. 

Ethyl alcohol, mercuration of, 47. 
p-Ethylaminophenylmercuric acetate, chloride, 123. 

„ „ hydroxide, quaternary ammonium compound, 123. 

Ethylanthranilic ethyl ester, mercuration of, 172. 

Ethyl »-butylacetylene, mercury derivatives of, 188. 

Ethyl chloromerouri-act-nitro-acetate, 63. 

Ethyl diallyl acetate, mercuration of, 68. 

Ethyl diphenylamine-2-oarboxylate, mercuration of, 68. 

Ethylene, reaction with mercuric salts, 181-184. 

Ethyl ether mercuric chloride, carbonate, 182. 

„ „ „ bromide, 183. 

Ethylhexenol, mercuration of, 203. 

Ethyl hydro:!^merouri-ao(-nitro-acetate anhydride, 63. 

Ethyl hydiaz&eciurboxylate, mercuration of, 191. 
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Ethyl merouric ethyl xanthate, 191. 

„ „ acetate, bromide, 34. 

„ „ chloride, 33, 36, 41, 42, 87. 

„ „ hydroxide, 36, 41, 42. 

„ „ iodide, 21, 30, 33, 36, 42. 

„ „ 2:4:6-trmitrophexiyl, 42. 

Ethyl propyl acetylene, mercury derivatives of, 188. 

Ethyl thiomercuric chloride, 88. 

Eugenol methyl ether, mercuration of, 137, 165, 

Fluorescein, mercury derivatives of, 207. 

Formic acid, „ „ „, 68. 

Furane, mercuration of, 213. 

Guaiacol, mercuration of, 164. 
a-Guaiacol-propionic acid, mercuration of, 191. 

4-Halidemercuri-2-nitrophenols, 145. 

6- „ , 2- „ , 146. 

Halogenated benzenes, mercuration of, 104. 
w-Heptylmercurio bromide, 44. 

?i-Hexylmorourio bromide, 44. 

2 : 4 : 6 : 2': 4': 6'-Hexanitrodiphenyl, reaction with mercuric chloride, 106. 

Hydrazines, mercuration of, 1.91, 192. 

2-Hydroxy-3-acetoxy mercuric-5- woamylbenzaidehyde, 196. 

2- „ -3- „ „ -5-<er^.-butylbenzaldehyde, 195, 

4* ,, -3- „ „ -l-triacetoxymercuri-phenyl-2 : 3 : 4-trimethyl-6-pyra- 

zolone, 212. 

2- „ -5“i«oamylbenzaldehyde, mercuration of, 196. 

Hydroxyazobenzenes, mercury derivatives of, 205, 206, 

3- Hydroxyberizaldehyde, mercuration of, 193. 

P‘ » » » »»194. 

3- Hydroxy-5-teri.-butylbenzaldehyde, mercuration of, 195. 

4- „ -3-chloromercuri-l-trichloromercuriphenyl-2:3 : 4-trimethyl-6-pyrazolone, 

212 . 


Hydroxydimercuri-acetic acid and derivatives, 69. 
Hydroxymercuri-aoetic acid, anhydride of, salts of, 59, 60. 

Hydroxymercuri-aceto-j3-toluidido anhydride, 131. 

,, „ -acetoxymercuri-benzoneazo-phenol anhydride, 203. 


5- 

9f 

99 

99 

99 

99 

„ „ -4-nitro-3‘hydroxybenzaldehvde, 195. 

„ „ -2- „ -3- „ * 196. 

-2- „ „ -thiophene, 101. 

3- 


99 

-p-aminobenzoic anhydride, 162, 175, 

-2-amsylindole, 214. 

o- 

99 

99 

99 

99 

anthranilic anhydride, 170, 
benzoic acid, anhydride of, 162, 164. 


99 

99 

„ „ , salts of, 163. 

-2-carboxyl-l-methylindole, 214. 

3- 

99 

99 

P‘ 

99 

99 

o-chloroaniline, 117. 


o- „ „ -p- „ „ , 118. 

cyauoacetic acid, salts, ethyl and methyl ester, 62. 
^aoetoxymercuri acetic acid, anhydride of, 60. 

„ „ „ „ , nitro-acetate from, 60. 

-dibromofluorescein, 208. 

•2:4-dichloroaniline, 118. 

-4 : 6-dimtrophenol and sodium salt, 146. 

-ethoxy-chaulmoogric acid, anhydride of, 68. 
ethyl malonic methyl ester, 66. 
fluorescein, 207. 

-j?-hydroxy-w-butyrio acid, anhydride of, 67. 
-/9-hydroxypropionio acid, anhydride of, 66. 
-/S-hydroigr-j^-phenylpropionic add, anhydride of, 162, 176. 
-2-hydroxyquinoline-8-carboxylio add, 214. 

-8< „ „ -6-Bulphonic acid, 215. 

-o-iodoaniline, 118. 

~P' » » 118. 

-jS-methoxy-/?-phenylpropionic acid, anhydride of, 162, 177, 
178. 

-methylanthranilio anhydride, 171. 
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l-HydroxymerourimethyM : 2-(iihydroben2ofurane, 216. 

1- „ „ „ -6-methyM: 2-dihydrobenzofurane, 217. 

1* )) »» If “4- f, -112 f, t, ff f 217. 

Hydroxymercuri methyl malonic eB&er, 65. 

„ „ „ „ methyl ester, 65. 

2* „ „ >naphthionic acid, sodium salt, 134. 

o- „ „ -p-nitrobenzoic acid, 161, 165, 

3- M „ -4-act-nitro-2:6-dimtrophenol, anhydride and derivatives, 146^ 

147. 

5- „ „ -3>mtro-4-hydroxybenzaldehyde, 194. 

4- „ „ -2-nitrophenol and sodium s^t, 144. 

4- „ „ -2-act-mtrophenol, anhydride of, 144. 

2- „ „ -4-aci- „ , anhydride of, pyridine double salt, 145. 

2- „ „ -4-nitrophenol, sotom salt, 145. 

2- „ „ -4-act-nitro-6'nitrophenol, anhydride, and derivatives, 146. 

„ „ phenolphthalein, 207. 

2- „ „ phenylglyoine anhydride, 127. 

„ „ -2-phenylquinoline-4-carboxylic acid, sodium salt, 215. 

a- „ „ propionic acid, anhydride of, 65. 

•» ♦♦ 11 If »♦ III 65. 

3- „ „ -salicylic acid, anhydride of, 162, 166. 

„ „ „ „ „ , ammonium salt, 166. 

„ „ -salicylsulphone-phthalein, 208. 

o- „ „ thiolbenzoic acid, anhydride of, 165. 

„ „ -o-tolylglycine anliydride, 129. 

4- Hydroxy-2-methyl-5-««opropylbenzaldehyde, mercuration of, 152. 

4- ,, -3- ,, -6- „ „ >, ,,, 15.1. 

/?-Hydroxynaphthoic acid, mercuration of, 161, 178, 179. 

„ „ I, -4 : 7-disulphonic acid, mercuration of, 179. 

p-Hydroxy-?»-nitrophenyl carbinol, mercuration of, 159. 
w-Hydroxyphenyl-trimethylaramonium hydroxide, mercuration of, 137, 148, 
o* II II II II II III 149. 

8-Hydroxyquinoline, mercury derivatives of, 215. 

Indandione, mercuration of, 198. 

Indole, mercury derivatives of, 214. 

5- Iodo-acetylguaiacol, mercuration of, 154. 
o-lodoaniline, mercuration of, 118. 
p-Iodobenzene sulphonic acid, mercuration of, 109. 
o-Iodomerouii anisole, 141. 

„ -anthranUic acid, 170. 

5- „ -2-bromothiophone, 99. 

5- „ -2-chlorothiophene, 98. 

a- „ ciiieol, 201. 

3- „ -2:5-dimethylthiophenc, 102. 

2- „ -3:4- „ „ ,84. 

5- „ -2:4-diphenyl8elenophene, 217. 

5- „ -2-ethylthiophene, 101. 

2- „ -3-hydroxy-tetrahydronaphthalene, 103. 

4- „ -o-iodoaniline, 118. 

2- „ -p. „ , 118. 

5- „ -2-iodothiophene, 99. 

„ -methylanthraniUc acid, methyl ester, 162, 168. 

l-Iodomercurimethyl-4-bromo-l ; 2-dihydrobenzofurane, 216. 

1- Iodomercurimethyl-6-methyl-l : 2-dihydrobenzofurano, 216. 

»» II II “6" II II II „ ,216. 

II II ^ II "4- ^ ,, ,, „ ,, ,216. 

5-lodomercuri-2-methylthiophene, 101. 

4- „ -2‘nitrotoluene, 107. 

o- „ phenetole, 143. 

3- „ pyridine, 213. 

a- „ ^mws-terpineol, 201. 

II I, „ 1201. 

2- „ thiophene, 98, 222. 

lodomethylmercuric iodide, 45. 

p-Jodophenylmerourio acetate, 104. 

Itaoonio acid, mercuration of, 67. 
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Ketones, mercuration of aliphatic, 54. 

Maleic acid, mercuration of, 67. 

Malonic acid and esters, mercuration of, 66. 
^-Menthyl cinnarnate, mercuration of, 178. 
o-Meroaptomerouri benzoic acid, 163. 
.AT-Merouri-aniline, 113. 
p-Mercuri-bis-acetanilide, 125. 

-3-aminobcnzoio acid, 173. 

2 :2'- ,. -4- „ „ „ 162, 173, 

6:6'. „ .2. „ „ „ 172. 

-p- „ „ ethyl ester, 176. 

-2- „ „ methyl ester, 161. 

2 :2'. „ -4.aminophenol, 147. 

p- „ .aniline, 114, 116, 

.o-anisole, 137, HI, 

-P- ,, ,141. 

.anthranilic methyl ester, 171. 
-benzoic acid, Hi4. 

,, ,, , 164. 


0 - 

p. 

p- 

6 - 

P- 

p- 


p- 


p. 

p. 

o- 


o- 

2 : 2 '. 


„ methyl ester, 164. 
benzylaniline, 124. 

-p-bromodimethylariiline, 123. 

-o-chloroaniline, 117. 

-2 : 4-dichloroaniline, 111, 118, 

-diethylaniline, 124. 

„ „ , quaternaiy ammonium compound, 124. 

-dimethylaniline. 111, 121, 122, 

„ „ , condensation with thionyl cliloride, 122. 

„ „ , quaternary ammonium compound, 122. 

-(dimethyl-p-toluidine), 132. 
diphcnylamine, 125. 

(hydroxyinercuri- ^-naphthol-azobenzene-sulphonic acid), 204. 
-m-hydroxyphenyl-trimethylammonium acetate, 148. 
-methyldiphenylamino, 126. 

-monoethylaniline, 123. 

-monomethylaniline. 111, 121, 

-p-nitroanilinc, 120, 

(nitrobenzene-azosalicylic acid), 205. 

-p-nitrobenzoic acid and sodium salt, 165. 

-4-nitrophenol, 146. 

-o-phenetole, 143. 


„ -p- „ , 143. 


„ -o-phenol, 137, HO, 

„ „ „ diacetatc, 139. 

„ -salicylic acid, 166. 

„ „ „ ethyl ester, 168. 

„ „ „ methyl ester, 167. 

„ -o-thiolbenzoic acid, 161, 166, 

„ -p-toluidine, 131. 

„ „ „ , condensation with dinitrophenylpyridinium chloride, 131. 

Mercuric alkyl xanthates, 190. 
a- Mercuri camphor oxide, 200. 

4:6- „ -o-chloroaniline, 117. 

4:5- „ „ „ „ ,118. 

a- „ -di-^-anhydrohydroxy-/^-phenylpropionic acid, 162, 178, 

„ dietbylene oxide, 183. 

1 : 1-Mercuridimethyleno-bis-l : 2-dihydrobenzofurane, 216. 

1:1- „ „ -bi8-4-methyl-1 : 2-dihydrobenzofuranc, 217. 

a- & ^-Mercuridimethylheptanediol iodides, 201, 202. 

Mercuri-hydroxymercuri-awtic acid, 60, 61, 

3 :3'- „ -mercazine, 126. 

Mercuriphenyl- ^-naphthylamine, 133. 

Mercuro-diethylene oxide, 183. 

Mercury p-anisyl acetylide, 189. 

Mercui^, aromatic compounds of types, RgHg, KHgR', RHgX, 69. 

„ benzyl acetylide, 189. 
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Mercury, biB^aoeto-diethyimethane, 65. 

„ bis-acetodimethylmethane, 64. 

f, bis-a-aoetyl-a-ethylpropyl, 65. 

„ bis-a-acetyl>a-wopropyl, 64. 

bis-benzoylmethane, 63. 

„ bis-diazo-acetic ethyl and methyl esters, 65. 

-bi8-3-dinitro(?)-meroazine, 126. 

„ bis-diphenyl, 69, 81, 

„ bis>malonic methyl ester, 66. 

p- M bis-propionic acid, 65. 

„ bromoacetylide, 188. 

„ butyl iBoamyl, 87. 

„ „ phenyl, 87. 

„ chloroacetylide, 188. 

„ di-t«oamyl, 25, 44, 38, 360. 

„ di-ter«.-amyl, 29, 38. 

„ 5 : 5'-di-woamyl-2 : 2'-dithienyl, 83, 100. 

„ dibenzyl, 69-71, 79, 86, 95. 

„ 5 : 5'-dibenzyl-2 ; 2'-dithienyl, 83, 101. 

„ .5 ; 5'-dibromo-2 : 2'- „ , 83, 100. 

di-p-bromophenyl, 69, 78. 

„ di* 71-butyl, 29, 37. 

„ di-*Afobutyl, 29, 37. 

„ di-6*ec-butyl, 29, 30, 37. 

„ di-icf^.-butyl, 29, t38. 

„ 5 : 6'-dichloro-2 : 2'-dithienyl, 83, 99, 100. 

„ 5 : 5'-dichloromercuri-2 : 2'-dithienyl, 84. 

„ di-p-ohlorophenyl, 69, 78. 

„ dicumyl, 81. 

„ dicyclohexyl, 69, 81, 95. 

„ diethyl, 4, 16, 21, 29, 30, 33, 34, 41, 42, 69, 71. 

,, „ , action of metals and metallic chlorides on, 30. 

„ di-w-heptyl, 39. 

„ 5 ; 5^-di-iodo-2 : 2'-dithienyl, 83, 100. 

„ dimesityl, 80. 

„ dimethyl, 3-^, 15, 29, 30, 34, 39-41, 232. 

„ „ , action of metals and metallic chlorides on, 30. 

„ di-4-methylcyclohoxyl, 81. 

,, 5 : 6'-dimethyl-2 : 2^-dithienyl, 83, 101. 

„ di-a-naphthyl, 69, 70, 81, 96, 228. 

„ di-)?-naphthyl, 69, 82. 

„ o-o'-dinitrodiphenyl, 105. 

„ di-o-nitrophenyl, 69, 78. 

„ di-n-octyl, 30, 39, 44. 

„ di-Mc-octyl, 29, 39. 

„ dipentamethylphenyl, 80. 

diphenyl, 5, 6,12,13,15, 16, 26, 69, 71, 72-74, 78, 86-89, 91-93, 220, 227, 
234, 235, 242, 268, 298, 324. 

„ ,. , reactions of, 74-77. 

„ di-n-propyl, 29, 30, 36, 43, 360. 

„ di-wopropyl, 29, 37. 

5 ; 6'-di-w-propyl-2 : 2'-dithienyl, 83. 

„ dipseudocumyl, 69, 80, 95. 

„ 2 : 2'.dithienyl, 70, 82, 98, 222. 

„ di-o-tolyl, 69, 71, 78, 86, 93. 

„ y, ,, , 69, 78, 93. 

,, 'P' « , 15, 69, 78, 93, 94. 

„ di-o-xylyl, 80. 

„ „ -w- „ , 69, 80, 228. 

»» ff "P" »» , 60. 

„ ethyl benzyl, 71, 86, 87. 

„ „ naphthyl, 29, 87. 

„ „ phenyl, 71, 85. 

„ fulminate, 53. 

„ hexahydrobenzyl acetylide, 189. 

„ 2:4 :6:2': 4': 6^*hexanitrodiplienyl, 78. 
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Mercury iodoform, 46. 

„ methyl benzyl, 87. 

„ „ butyl, 87. 

„ „ cyclohexyl, 87. 

„ „ mesityl, 87. 

„ „ naphthyl, 87. 

„ „ phenyl, 87. 

„ phenoxymethyl acetylide, 180. 

,, phenyl acetylide, 189. 

„ „ o-anisyl, 87. 

„ „ benzyl, 85. 

„ „ cyclohexyl, 87. 

„ „ ethyl acetylide, 180. 

„ „ mesityl, 87. 

„ „ naphthyl, 87. 

„ „ thienyl, 86. 

„ „ p-tolyl, fi6, 87. 

„ propyl butyl, 87. 

3:4:3': 4'-tetrarnethyl-2 : 2'-dithienyl, 84. 

„ 3:6:3': 5'. „ -2:2'- „ ,84. 

2:5:2': 6'- „ „ -3:3'- „ ,84. 

„ 2:4: 2': 4'- „ „ -5:5'- „ ,103. 

2:4:2': 4'-tetranitrodibenzyl, 80. 

„ 2:6:2': 5'-t<3traphenyl-3 : 3'-dithienyl, 84, 103. 

„ p-tolyl acetylide, 180. 

,, o-tolyl benzyl, 86, 71. 

,, tribromoethylene, 180, 

„ trichloroethylene, 189. 

Mesityl mercuric chloride, 87, 95. 

Methine trimercuric iodide, 45. 

Methyl acetylene, interaction with mercuric salts, 187, 188. 

p-Methylaminophenylmercuric acetate, bromide, chloride, hydroxide, nitrate, sul¬ 
phate, 120, 121. 

Methylanthranilic methyl ester, mercuration of, 171. 

Methyl chavicol, mercuration of, 143. 

4-Methylcyclohexylmercurio chloride, bromide, cyanide, hydroxide, iodide, 96, 

Methylene blue, mercuration of, 206. 

Methylene dimcrcuric iodide, 45. 

Methyl ethyl ketone, mercury derivatives of, 57. 

Methylheptenone oxime, mercuration of, 202. 

Methyl hydrazine carboxylate, mercuration of, 192. 

JV-Methylindole, mercuration of, 214. 

2- Methylindole, „ ,,, 214. 

Methylketole, „ „, 214. 

Methylmercuric acetate, 32, 41. 

„ „ chloride, 32, 39, 87. 

„ „ hydroxide, 39, 41. 

„ „ iodide, 21, 20-33, 40, 46. 

„ „ salts, 39-41. 

„ „ ethyl and methyl xanthate, 191. 

Methylphthalylindole, mercuration of, 214. 

3- Methyl-5-pyrazolone, „ „, 213. 

N-Methylthiodiphenylamine, mercuration of, 126. 

Monoaoetoxymercuri-furane, 214. 

Monoalkylanilines, mercuration of, 120. 

Monobromoethylene, reaction with mercuric acetate, 190. 

. Monoohloroacetic acid, sodium salt, reaction with mercuric oxide, 62. 

Monochloroacetone, reaction with mercuric sulphate, 64. 

Monochloromercuri-6 -nitro-3-hy droxybenzaldehyde, 196. 

Monoethylaniline, mercuration of, 123. 

Monof ormoxymerouri-4-nitro-3-hydroxybenzaldehyde, 196. 

Monomercuric methylene iodide, 46. 

„ „ chloro-iodide, 46. 

Monomethylaminonaphthalene-6-8ulphonio acid, reaction with mercuric acetate, 
134. 

Monomethylanilina^ mercuration of, 120. 
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Naphthionic acid, mercuration of, 134. 
a-Naphthol, mercuration of, 156. 
d- „ „ ,,,168. 

„ fatty acids, mercuration of, 191. 

1- „ -4-sulphonio acid, mercuration of, 157. 

1- „ -5- „ „ , reaction with mercuric acetate, 157. 

2- „ -6- „ „ , mercuration of, 158. 

Naphthylamines, mercuration of, 132. 

Naphthylamine sulphonic acids, mercuration of, 1S4, 

/3-Naphthylamine, „ „ „ ,,,111. 

„ „ „ -6-sulphomc acid, mercuration of. 111, 133, 

1 : 5- „ „ -sulphonic acid, mercuration of. 111, 134. 

a-Naphthylmercuric acetate, 96. 

bromide, 29, 33, 81, 96. 
butyrate, 97. 

chloride, 71, 82, 87, 96, 231. 
formate, 97. 
iodide, 82, 96. 
nitrate, 72, 82, 97. 
sulphide, thiocyanate, 97. 

Naphthyl mercury compounds, 81, 82, 96, 97. 
Nitrito-dimcrcuracetaldehyde, 53, 187. 
o-Nitro-p-acetoxymcrciiri dimeihylaniline, chloride, 123. 
p- „ -o- „ „ monoethylanilinc, chloride, 123. 

„ „ „ „ „ monomethylanilinc, 121, 123. 

o-Nitroaniline, mercuration of, 118. 

'/a- „ ,, ,, ,,, 119. 

p- „ „ „ „, 119, 120. 

o-Nitrobenzal dimercuric hydroxide, anhydride of, 10(). 
1-p-Nitrobenzatomcrcurimethyl-l ; 2-dihy<lrobenzofurano, 217. 

1-p- „ „ „ -6-methyl-l ; 2-dihydrobenzofurane, 217. 

Nitrobenzene, mercuration of, 104, 105. 
m- „ „ sulphonic acid, mercuration of, 109. . 

Nitrobenzoic acids, mercuration of, 165, 166. 
o-Nitrobenzylmercuric chloride, 106. 
p- „ ,, „ , 107. 

p-Nitro-o-chloromercuri monomethylanilinc, 121. 
o-Nitrodimercuribenzylidene oxide and salts, 106. 

3- Nitro-4-hydroxybenzaldehyde, mercuration of, 194. 

6- „ -3- „ „ „ ,,, 194. 

4- „ *3- „ ,, „ ,,, 195. 

o-Nitrophenol, mercuration of, 136, 144. 

P’ »» ft ft f 145. 

o-Nitrophenylmercuric chloride, 104. 
w- „ „ „ , 105. 

P" ft if ft f 105. 

2- Nitroresorcinol, mercuration of, 156. 

5- Nitrosalicylaldehyde, mercuration of, 192. 

3- „ ,, „ „, 192. 

6- Nitrosalicylic acid, „ „, 168. 

p-Nitroso-o-chloromercuri aniUnc, 137, 139. 
ft ft „ phenol, 137, 139. 

Nitrotoluenes, mercuration of, 72, 105-108. 
a-Octylacetylene, mercuration of, 188. 

«ec.-Octylmercuric bromide, 30, 44. 

>, ff hydroxide and salts, 44. 

Olefines, mercuration of, 180-185. 

Oleic acid, ethyl ester, mercuration of, 68. 
1-Oxalato-di-mercurimethyl-l ; 2-dihydrobenzofurane, 217. 

Oxindone, mercury derivatives of, 198. 
Penta-acetoxymercuri-acetanilide, 14, 125. 

Pentamethylene-l : 5-dimercuri-dibroraide, diohloride* dihydroxide, 
acetylide, sulphate, sulpliide, 209, 210. 

Pentamethylene-l : 5-dimorouridiplienyl, 210. 
Perchloratomercuracetaldehyde, 53, 187. 

Phenacylmercuric chloride; 63, 196. 


didodide, 
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Phenetole» mercuration of, 137, 143* 

Phenol, „ „, 136, 139, 

„ disulphonio acid, mercuration of, 166. 

Phenolphthaiein, mercuration of, 207. 

Phenylacetylene, mercury derivatives of, 189. 

Phenyl o-chloromercuriphenyl ethyl oarbinol, 197. 

Phenyldimethylpyrazolone, mercuration of, 210. 

Phenylethylene, mercury derivatives of, 190, 

Phenylethylmethylpyrazolone, mercuration of, 211. 

Phenylmerouriamine acetate, chloride, cyanamide, nitrate, sulphate, 92, 

Phenylmercuric acetate, 72, 74, 75, 90, 

„ „ amine, 328. 

„ „ bromide, 73, 75, 88. 

„ „ carbonate, 

„ „ chloride, 71, 74-77, 86, 87. 

t 9 f» cyanide, hydroxide, 89. 

„ „ formate, 90. 

„ „ iodide, IZ-IQ, 89, 

„ „ myristate, propionate, 91. 

„ „ nitrate, 72, 75, 90, 

„ ,, oxide, 75. 

„ „ sulphide, 73, 91. 

„ „ thiocarbonate, thiosulphate, 73, 91. 

,, „ thiocyanate, 74, 89. 

„ „ trinitrobenzoate, 78. 

Phenyl mercury compounds, 72-78, 85-92. 

„ „ -2:4:6-trinitrophenyl, 78, 88. 

l-Phenyl-3-methyl-6-pyrazolone, mercuration of, 212. 

1- „ -2:3: 4-tiimethyl-5-pyrazolone, mercuration of, 212. 

Phthaleins, mercuration of, 207. 

Picric acid, „ „, 137, 146. 

Z-Pinene, reaction with mercuric acetate, 200. 

Propanol mercuric chloride, bromide, hydrosulphide, iodide, sulphide, 185. 

Propargylmercuric iodide, 45. 

Propionic acid, mercuration of, 65. 

Propionoxymercuri-4 -nitro-3 - hydroxybenzaldehyde, 195, 

Propyl alcohol, mercuration of, 47. 

Propylene, reaction with mercuric salts, 184, 185. 

Propylene glycol mercuric bromide, iodide, 51. 
tso-Propyl hydroxymercuri-oci-nitro-aoetate anhydride, 64. 
n-Propylmercuric bromide, 36, 43, 

„ „ „ chloride, 37, 43, 87, 360. 

„ „ „ ethyl xanthate, 191. 

„ „ „ hydroxide and salts, 43. 

iso- ,, „ „ „ , 43. 


Pseudocumylmercuric chloride, bromide, iodide, 95. 

Purine derivatives, mercuration of, 68. 

Pyrazolones, mercuration of, 210-213. 

Pyridine, „ „, 213. 

Pyrimidine, reaction with mercuric oxide, 192, 

I^irrole, mercuration of, 213. 

Quinoline, mercuration of, 214. 

„ -8-sulphonio acid, mercuration of, 215. 

Quinone-(l)-imide act-(2)-nitro-(4)-meroury, 119. 
l^soroinol, mercuration of, 155. 

„ dimethyl ether, mercuration of, 156. 

Safrol, merouration of, 137, 154, 
iso-Safrol, reaction with mercuric acetate, 155. 

Salicylaldehyde, merouration of, 192,193, 

Salicyl red, mercuration of, 208. 

Salicylic acid and esters, merouration of, 166-168. 

SaJicyloxy-aoetio acid, mercuration of, 191, 

Salicylsulphone-phthalein, merouration of, 208. 

Salicylyl alcohol (saligenin), merouration of, 158, 

Sodium anhydro-2-hydroxy-3-hydroxymercuri-5-methyl-azobenzene>4^-sulphonate. 


206 . 
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26 




402 


ORGANOMETALLIC COMPOUNDS, 


Sodium p-bromobenzene sulpbonate, merouration of, 109. 

,, •3>chloromercuri-4-bydroxy-azobenzene-4'-8ulphonate, 205. 

„ -6-hydroxymercuri-2-nitrophenolate, 146. 
1-Sodiumthiosulphatomercurimethyl-l : 2-dihydrobeiizofuraiie, 217. 

„ „ „ „ -4-methyl-1:2-dihydrobenzofurane, 217. 

Sodium p-toluene sulphonate, mercuration of, 109. 

Starch, mercuration of, 47, 60. 

Stearolic acid ester, mercuration of, 68, 

Styrol, reaction with mercuric acetate, 190. 

StjTyl ethyl ether, reaction with mercuric acetate, 190. 
Sulphatomercuri-dimethylanthranilic acid, chloride, 172. 

1 :1-Sulphato-mercuridimethylene-bis-l : 2-dihydrobenzofurane, 216. 
o-Sulphidomercuribenzoic acid, 161, 164. 

„ „ „ „ methyl ester, 164. 

o-Sulphidomercuribenzoyl chloride, 164. 

Sulphidomercuri-salicyho methyl ester, 161, 167. 

Sulphonic acids, aromatic, mercuration of, 108^ 156. 
l-Tartrato-di-mercurimethyl-l : 2-dihydrobenzofurane, 217. 

Tetra-ace toxy mercuri- a- acetonaphthalide, 133. 

„ „ diacetone hydrate and salts, 65. 

„ „ fluorescein, 208. 

„ „ furane, 213. 

2 : 2': 4 : 4'-Tetrachloromercuri-diphenylamine, 111, 125. 
Tetrachloromercuri-furanc, 214. 

Tetrahydroxymercuri fluorescein, 208. 

„ „ furane, 213. 

Tetramethyldiaminotriplienylmethaneazo-o-chloromercuriphenol, 139. 

2 : 5 ; 2': 5'-Tetramethyl-3 : 3'-ditiiienyl, 70. 

Tetra (phenylmercuri) thiourea, 92. 
6-Thiocyanatomeroiiri-2-t.9oamylthiophene, 100. 



>» 

„ -2-bromothiophene, 100. 

»♦ 

»» 

„ -2-chlorothiophene, 100. 

3- 

99 

„ -2 ; 6-dimethylthiophene, 103. 

2- 

99 

„ *3:4- „ „ ,102. 

6- 

99 

„ -2:3- „ „ ,102. 

6- 

99 

„ -2:4- „ „ , 103. 

3- 

99 

„ -2 : 6-diphenylthiophene, 103. 

5- 

99 

„ -2-ethylthiophene, 101. 


6- „ „ -2-iodothiophene, 100. 

l-Thiocyanatomercurimethyl-l ; 2-dihydrobenzofurane, 217. 

1- „ *„ „ -4-methyl-l: 2-dihydrobenzofurane, 217. 

6-Thiooyanatomercuri-2-methylthiophene, 101. 

2or6(?). „ „ -3- „ „ ,101. 

5- „ „ -2-w-propylthiophene, 100. 

2- „ „ thiophene, 98. 

Thiolbenzoic acid, mercuration of, 166. 

Thiophene mercury compounds, 72, 82-86, 97-103. 

Thiosalicylic acid, mercuration of, 165. 

Thymol, „ „, 137, 151. 

p-Thymolaldehyde, „ „, 162. 

Thymoxyaoetic acid, „ 191. 

p-Toluene sulphonic acid, mercuration of, 108. 


99 99 99 99 99 9 109. 

Toluidines and toluidides, „ „, 129. 

l-p-Tolyl-2 : 3-dimethyl-6-pyrazolone, mercuration of, 211. 
l-o-Tolyl-3-methyl-2-ethyl-6-pyrazolone, „ „»211. 

Tolylglydne esters, mercuration of, 128. 
o-Tolylmerouric bromide, iodide, 92. 


o- 

99 

99 

chloride, 92, 229. 

0- 

99 

99 

nitrate, 72, 93. 

0- 

99 


sulphide, 93. 

m- 

99 

99 

bromide, iodide, propionate, 93. 

w- 

99 

99 

chloride, 71, 93, 229. 

p. 

99 

99 

acetate, bromi^, carbonate, mercaptan, 94. 

p. 

99 

„ 

chloride, 71, 76, 78, 86, 87, 93, 161, 168, 230. 

99 

99 

99 

ethyl xanthate, 191. 








SUBJECT INDEX. 


403 


P 


2:4:6 


2:4:6- 

2:4:6 


2:4:6- 

2:4:6-' 


i-Tolylmerouric iodide» 79, 94. 

„ „ methyl xanthate, 191. 

„ „ nitrate, 72,94. 

„ „ 2:4:6-trinitrobcnzoate, 79, 94. 

„ „ 2:4:6-trinitrophenyI, 94. 

Tolyl mercury 2:4:6- „ „ , 79. 

Tolyl mercury compounds, 78, 79, 92-94. 
-Triacetoxymcrcuri-m-ohloroaniline, 118. 

„ „ phenolphthalein, 207. 

„ „ -m-tolylglycine ethyl ester, 129. 

Tribromoethyleno, interaction with mercuric cyanide, 188. 
Trichloroethylene, „ „ „ , 185, 188. 

Triohloromercuri-acetaldehyde, 186. 

„ „ -acetic acid, 64, 169. 

„ „ acetone, 187. 

„ , -w-ohloroanUme, 118. 

„ „ -methyl ethyl ketone, 188. 

Trihydroxymercuri-acetic acid, 188. 

„ „ -m-chloroaniline, 118. 

„ „ phenolsulphone-phthaloin, 207. 

Trimercuri-acetic acid, 48. 

,, -diacetotie hydroxide and derivatives, 56, 57. 

„ -dialdehyde hydroxide, 63. 

Trinitrophonol, mercuration of, 146. 

Trinitrophenylmcrcuric chloride, 78, 195. 

Triolein, mercuration of, 146. 

Vanillin, mercuration of, 154. 

Vinyl oxymcrciirochloride, 186. 
m-Xylylraercurio chloride, 80, 95. 

Xylyl mercury compounds, 80. 


Boron. 

wo-Amyl boric acid, 224, 226. 
o-Anisyl boric acid, 230. 

Benzyl boric acid, 95, 251. 

„ „ „ , isobutyl ester, 231. 

Boron o-anisyl dichloride, 228 

„ p- „ ,, , 228. 

„ diethyl chloride, 224. 

„ „ ethylate, 225. 

„ „ hydroxide, 224. 

„ diphenyl bromide, 227. 

„ „ chloride, 76, 219, 227, 228. 

„ „ fluoride, 219. 

„ a-naphthyl dichloride, 228. 

„ „ ,226,231,232. 

„ o-phenetyl dichloride, 228. 

., p- „ „ , 228. 

„ phenyl dibromide, 228. 

„ „ dichloride, 227. 

„ „ difluoride, 219,227. 

„ „ tetrachloride, 227. 

„ propyl oxide, 226. 

„ pseudooumyl dibromide, 228. 

„ o-tolyl dichloride, 228. 

„ p- „ dibromide, difluoride, 228. 

„ tri-t«oamyl, 224. 

„ tri-isobutyl, 224. 

„ triethyl, 219. 224, 225. 

«• ammine. 224. 

„ trimethyl, 226, 224. 

„ „ ammine, 223. 

„ triphenyl, 219, 226, 227. 

,, triphenyl-ammonia, methylamine, ethylamine, 226. 

^ „ -n-propylamine, dimethylamine, trimethylamine, 227. 
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Boron triphenyl-aniline, pyridine, quinoline, quinaldine, piperidine, phenyl 
hydrazine, 227. 

„ tri-n-propyl, 224, 225. 

„ o-xylyl dichloride, 228 
„ m- dibromido, 228. 

„ „ „ dichlorido, 231. 

»» P- „ „ , 228. 

p-Bromophenyl boric acid, 229. 
wo-Butyl boric acid, 226. 
p-Carboxy-phenyl boric acid, 230. 
p-Chlorophenyl boric acid, 229. 

Diethylboric acid, 224, 226. 

Diphenyl boric acid, 227, 228. 

Di-p-tolyl boric acid, 229. 

Ethyl boric acid, mono- and diethyl esters, 225. 

„ „ „ , compound with triethyl boric ester, 225, 

Methyl boric acid, 226. 
a-Naphthyl boric acid and salts, 231. 

I, »» », ,» ,» »231. 

P- „ „ „ „ „ , methyl ester, 231. 

a-Naphthyl boron oxide, 232. 

.. .. M .232. 

o-Phenety* boric acid, 230. 

Phenyl boric acid, 88, 226, 228, 22if. 

„ boron chloride, 76. 

,, boron oxide, 231. 

Propyl boric acid, 225. 
o-Tolyl boric acid, 92, 229. 
m- „ ,,,93,229. 

m- „ „ „ isobutyl ester, 229. 

p- „ „ „ and salts, 92, 230. 

o-Tolyl boron oxide, 231. 

P“ »» »♦ »> 9 231. 

o-Xylyl boric acid, 231. 
w- „ „ „ and diethyl ester, 231. 

p- «) ,, , 231. 

o- „ boron oxide, 231. 
w- „ „ „ , 231. 

m- „ „ „ , acid silver salt, 231. 

p- ,, „ „ , 232. 

p- „ „ „ , acid silver salt, 232. 


Aluminium. 

Aluminium alkyl iodides, compounds with amines, 233, 234. 

„ diethyl iodide, 233. 

„ ethyl di-iodide, 233. 

„ tri-»soamyl, 233. 

„ tri-wobutyl, 233. 

„ triethyl, 36, 232. 

„ „ , compound with aluminium bromide, 232. 

„ triethyl-etherate, 233. 

„ trimethyl, 33, 232. 

„ trimethyl-etherate, 233. 

„ triphenyl, 76, 220, 234. 

9 , „ 9 compound with ether, 234. 

„ tripropyl, 37, 232. 

,, tripropyl etherate, 233. 

Methylene bromide or iodide, aluminium derivatives of, 220, 234. 


Indium, 


Indium diphenyl chloride, 76, 220, 235. 
„ phenyl oxide, 235. 
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Thallium, 

Thallium compounds, comparison with gold, 4. 

Thallium di>isoamyl chloride, fluoride, !^2. 

,, di-n-butyl bromide, carbonate, chloride, fluoride, iodide, nitrate, sulphate, 
242. 

„ di-twbutyl chloride, nitrate, 242. 

„ di>sec.>butyl chloride, nitrate, 242. 

„ dicyclohexyl chloride, 243. 

„ diethyl acetate, 239. 

„ „ bromide, 222, 237, 

„ „ m-bromobenzoate, 239. 

,, „ carbonate, 238. 

,, „ chloride, 237^ 238, 302. 

„ „ chromate, 238. 

„ „ -4 : 6-dinitro-2-aminophenoxidc, 240. 

„ „ dinitro-/9<naphthoxide, 241. 

„ „ -2 ; 4-dinitronaphthoxide-7-8ulphonate, 241. 

„ „ -2 :4-dinitrophenoxido, 240. 

-2:6- „ „ ,240. 

„ „ dinitro-o-tolyloxide, 241. 

„ „ fluoride, 237. 

„ .. hexanitrodiphenylamine, 240. 

„ „ n>hexoate, 239. 

„ „ hydrogen carbonate, 238. 

„ „ hydrosulphide, 238. 

„ „ hydroxide, 221. 

„ „ iodide, 237, 238. 

„ „ p-iodobenzoate, 239. 

„ „ lactate, 239. 

„ „ nitrate, 238. 

,. „ nitrite, 238. 

„ p-nitrobenzoate, 239. 

„ „ o-nitrophenoxide, 239. 

„ w- „ „ , 239. 

,» »» P“ ,» ♦» »239. 

„ „ a>nitroso-/?-naphthoxide, 241. 

,, M -4-nitrosophenoxide, 221, 240» 

„ „ -3-nitro-o-tolyloxide, 240. 


>9 

ft 

-6- 

ft »> ft 

, 221, 241. 

»» 

ft 

-4- 

ft -ni- ft 

, 240. 

ft 

9f 

-6- 

ft »» 

, 240. 

f> 

9f 

-3- 

» -P’ ft 

,240 


m-octoate, 239. 
phosphate, 238. 
propionate, 239. 
sulphate, 237, 238, 
thiocyanate, 238. 
trichloroacetate, 239. 
trinitro-a-naphthoxide, 241. 

2:4; 6-trinitrophenoxide, 240. 
trinitro-m-tolyloxide, 241. 
valerate, 239. 
thyl acetate, 237. 

bromide, 236, 236. 
carbonate, 236. 
chloride, 221, 236. 
chromate, 236. 

-4: 6-dinitro-2>aminophenoxide, 237. 

fluoride, 235. 

hydrosulphide, 236. 

hydroxide, 236, 237. 

iodide, 236, 236. 

nitrate, 236. 

o^nitrojphenoxide, 236* 

„ „ p 221 , 236m 
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Thallium dimethyl ^>mtrophenoxide, 237. 

„ „ -3-mtro-o-tolyloxide, 237. 

„ di-a-naphthyl bromide, 221, 243. 

„ „ „ chloride, 243, 360. 

diphenyl acetate, 244. 

„ „ acid butyrate, 221, 244. 

„ „ „ hexoate, 221, 244* 

„ „ „ propionate, 244. 

„ „ „ valerate, 244. 

„ „ bromide, 242. 

„ „ o-bromobenzoate, 244. 

M », w- „ „ , 244. 

„ „ w-butyrate, 244. 

„ „ chloride, 76, 222, 242, 24.5, 340, 360. 

„ „ chromate, 244. 

„ „ fluoride, 242, 

„ „ ?j-hexoate, 244. 

„ „ nitrate, 243, 244. 

„ „ nitrite, 243. 

„ „ p-nitrobenzoate, 244. 

„ „ o-nitrophenoxide, 244. 

» „ P- « ,» , 244. 


„ a-nitroso-^-naphthoxide, 244. 
„ w-octoate, 244. 

„ oxide, 243, 244. 

„ pyrophosphate, 244. 

„ trinitro-a-naphthoxido, 244. 

„ trinitro-m-tolyloxide, 244. 
di-p-tolyl bromide, 243. 

„ „ chloride, 243. 

di-o- ,, „ , 243. 


dipropyl bromide, hydrosulphide, hydroxide, iodide, 241. 

„ chloride, 37, 241. 
di-*^fopropyl chloride, nitrate, 242. 


Silicon. 

MoAinyl siliconic acid, 259. 
t^oAmyl silicon trichloride, 254, 256. 

„ „ trichlorosilicane, see woAmyl silioon trichloride. 

„ „ triethoxy silicon, 256, 

Anhydrobisdibenzylsilicanediol, 2T6, 277. 

Anhydrobisdiphenylsilicanediol, 248, 271-274. 

„ „ „ , crystallographic measurements of, 365. 

Anhydrobisphenylethylsilicanediol, 275, 

Benzyldiethylsilicol, 270. 

BenzylethylMobutylchlorosilicane, 267, 281. 

BenzylethyUsobutylsilicol, 271, 281. 

„ „ „ , sulphonation of, 271. 

Benzylethylbutylsilicyl oxide, 280, 281. 

BenzylethyKsobutylsilicyl chloride, see Benzylethyh^obutylchlorosilicane. 
Benzylethyidichlorosilicane, see Benzylethyl silicon dichloride. 
Benzylethyldipropylsilicane, 264. 

„ „ „ , sulplionic acid and salts, 264. 

Benzyletbylpropylidobutylsilicane, 265. 

„ „ „ , sulphonic acid and salts, 264, 266. 

Benzylethylpropylchlorosilicane, 264, 265, 267, 271, 285. 
Benzylethylpropylsiliool, 265, 270, 271, 280. 

„ „ „ , sulphonic acid and salts, 265, 271. 

Benzylethylpropyl rilioon chloride, see Benzylethylpropylchlorosilicane. 
Benzylethylpropylsilicyl oxide, 280. 

^PAiiy. ylftf.h ylftilinitnft diol- 278, 279. 

Benzylethyl silioon diohloride, 266-268, 271, 280. 

Benzylethylsilioone, 270, 280. 

Benzylmethylethylpropylsilioane, 265. 

„ » „ , sulphonic acid and salts, 265. 
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Benzyl orthosilioic acid triethyl ester, 284. 

„ m-silicic acid, 270. 

„ silicon trichloride, 262, 269, 270, 284. 

Benzyltrichlorosilicane, see Benzyl silicon trichloride. 

Benzyltrimethylsilicane, 262. 

Bisethoxyphenyl-jj’bromophenyldisiloxane, 363. 

Bis-(triethylmonosilyl)-ether, 267. 

Bis-p-triethylsilylbenzene, 363, 

Bi8-(tripropylmonosilyl)-ethor, 257. 
p-Bromophenyl silicon trichloride, 263, 269. 
p- „ „ „ , esters derived from, 363. 

p-Bromophenyltriethylsilicane, 263, 264. 

„ „ „ „ , alcohols derived from, 373. 

w-ButyltriohlorosiHcane, 251. 
wo- „ „ „ , 261, 2S3. 

p-Chlorophenyltriethylsilicane, 263. 
p-Chlorophenyltri-w-propylsilicane, 264. 
p-Chlorophenyl<silicon trichloride, 264, 269. 

Chlorotriethoxysilicon, 257. 

Cyclopentamethylenesilicon dichloride, 282. 

C^clopentamethylenesilicone, 282. 

Dianhydrotrisdibenzylsilicanediol, 277, 27S. 

Dianhydrotrisdiphenylsilicanediol, 248, 273, 274. 

„ „ „ , crystallographic measurements of, 366. 

dZ-Dibenzyldiethyldipropylsilicoethane, 285. 
dl-Dibenzyldiethyldipropylsilicoethane, sulphonation of, 286. 

„ „ „ „ disulphonic acid, Z-menthylamine salt, 286. 

Dibenzylethylchlorosilicane, 266, 268. 

Dibenzylethylpropylsilicane, 264. 

„ „ „ , sulphonic acid and salts, 264. 

Dibenzylethylsilicol, 270. 

Dibenzylethyl silicon chloride, see Dibenzylethylchlorosilicane. 
Dibenzylethylsilicyl oxide, 270. 

Dibenzylmethylsilicol, 270. 

Dibenzylmethylsilicyl oxide, 282. 

Dibenzylsilicanediol, 258, 276, 276. 

Dibenzyl silicon dicWoride, 268, 275. 

Dibenzylsilicone, 270. 

Dibromoethyl-silicon dichloride, 264. 

Diethylchlorosilicon ethyl ether, 256. 

Diethyl silicon dichloride, 252, 263, 258. 

Diethylsilicone, 254, 268. 

Diethyl silicon oxide, 258. 

Diethylcyclopentamethylenesilioane, 282, 361. 

Dimethyldiethylsilicane, 252. 

Dimethylethyl-i^obutylsUicane, 252. 

>f -Ti-propylsilioane, 262. 

Dimethyldipropylsilicane, 262. 

Dimethyl silicon dichlori^, 282. 

Diphenoxydiphenylsilicane, 290. 

Diphenoxyoctaphenylsiliootetrane, 290. 

Diphenylohlorosilioane, see Diphenyl silicon dichloride. 
({{•DiphenyIdiethyIdipropylsiliGoethane, 285. 

Diphenyldiethylsilicane, 263. 

Diphenyldimethylsilicane, 263. 

Diphenylethyloldorosilicane, 266, 280. 

Diphenylethylsilicyl chloride, see Diphenylethylchlorosilioane. 
Diphenylethylsilicyl oxide, 280. 

Diphenylmethylomorosilicane, 266. 

Diphenylmethyl siliool, 280. 

Diphenylmethylsilioyl oxide, 280. 

DiphenylsiUoanediol, 248, 259, 271-^276, 288, 290. 

„ „ , ozystaDographic measurements of, 364. 

Diplmnyl silicon dibromide, 268. 

Diphenyl sUioon dichloride, 263, 267, 268, 272, 283, 287, 290. 

Diphenylsilioone, 273, 279. 
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Ethyl Mobulyl silicon chloride, 253. 

,, ortho-2 :4-dimethylsiiioobenzoate, 284. 

„ orthosilico-butyrate, 256. 
jp-Ethylphenyltriethylmonoi^ne, 363. 

Ethyl »-propyl silicon chloride, 252. 

Ethysiliconic acid, 258. 

Ethyl silioon trichloride, see Ethyltiichlorosilicane. 
Ethyltrichlorosilioane, 252, 264, 266, 268. 

Ethyl triethoxy silicon, 266, 258, 259. 

Ethyl trimethoxy silicon, 266, 259. 

Hexaethylsilicoethane, 259. 

Hexamethylsilicoethane, 259. 

Hexaphenylsiliooethane, 234, 361. 
p Jodophenyltriethylsilicane, 264. 

Methoxyethoxysilicon dicUoride, 284. 

Methylethylpropylsilicol, 264. 

Methyl monosilicic acid, 256. 

Methylsiliconic acid, 268, 361. 

Methyl triethoxy silicon, 258. 
a-Naphthyl silicon trichloride, 269. 

OctaphenylcyclosUicotetrane, 288-290. 

Octaphenyldiethylsilicotetrane, 288. 

Octaphenyldi-iodosilicotetrane, 287. 

Octaphenylsilicotetrane oxide, 287, 288. 

Orthosilicoacetic acid triethyl ester, 266, 258. 
a-Orthosiliconaphthoic acid triethyl ester, 284. 

Phenoxydiphenylsilicyl chloride, 290. 

tf »t „ „ , sulphonation of, 290. 

Phenoxymethoxyethoxymenthoxysilicon, 284. 
PhenoxymethoxyethoxysUicon chloride, 284. 

Phenoxymethoxysilicon dichloride, 284. 
PhenyH^nzylethylpropylsUicane, 265, 

»f 9 * 9 * 9 sulphonic acid, 265. 

Phenylbenzylsilicanediol, 279. 
Phenyl-p-bromophenyldichloromouosilane, 363. 
Phenyl-p-bromophenyldiethylmonosilane, 363. 

PhenylcUethylsilicol, 270. 

Phenyldiethylsilicyl oxide, 270. 

Phenyldimethylethylsilicane, 262, 264. 

Phenylethyldipropylsilicane, 285. 
Phenyl-p-ethylphenyldiethylmonosilane, 363. 
Phenylethylpropylchlorosilicane, 267, 270, 285. 
Phenylethylpropylsilicol, 270. 

Phenylethylpropyl silicon chloride, see Phenylethylpropylchlorosilicane. 
Phenylethylsilicanediol, 276, 278. 

Phenylethyl silicon dichloride, 266-268, 270, 280, 285. 
Phenylethylsilioone, 270, 280. 

Phenyl-metasilicic acid, 283. 

Phenylmethylethylpropylsilicane, 264. 

Phenylmethylethyl^coJ, 270. 

Phenyl silicon trichloride, 77, 262, 263, 267, 268, 283. 
Phenyltriethylsilicane, 263. 

Phenyltrimethylsilicane, 262. 

PropyJsiliconic a<nd, 259. 

Propyl siUcon trichloride, 252, 264, 256, 259. 

„ riiohlorosilicane, see Propyl silicon trichloride. 

„ triethoxy silicon, 256. 

Silioo-aoetic acid, 258. 

Silico-benzoic acid, 283. 

99 99 99 9 triothyl cstcr, 283. 

„ „ anhydride, 279. 

„ -butyric acid, 259. 

Silioochloroform, 260, 251. 

Siliooheptyl ethyl ether, 251, 266. 

Silioohexoic aci^ 259. 

Silioohydrooarbon, ** unsaturated,’* Si^Ph^ 287. 
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Silioohydrocarbon, “ saturated/* Si 4 Phg, 288. 

„ „ , [SiPh,]n, 288, 289. 

a-Siliconaphthoic acid, 283. 

Silico-propiomc acid^ 258. 

Siliootoluic anhydride, 279. 

Silicon diethyl diethyl ether, 256, 25d, 268. 

„ „ ether, 263. 

„ ethyl triethyl ester, 264. 

„ propyl „ „ ,264. 

„ tetraethyl ester, 266. 

„ tetraphenyl, 262, 317, 340. 

„ triethyl ether, 266. 

„ „ ethyl ether, 260, 263. 

Sulphobenzylethylwobutylsilicyl oxide, 281. 

„ „ „ „ . sulphonic acids and salts, 2SJ, 282. 

Sulphobenzylethylpropylsilicyl oxide, 280. 

„ „ „ „ , sulphonic acids and salts, 280, 281. 

Tetra-woamylsilicane, 250. 

Tetra-anhydrotetrakisdiphenylsilicanediol, 273, 276, 288, 361. 

„ „ „ „ , crystallographio measurements, 368. 

Tetrabenzyl silicane, 262. 

Tetraethoxysilicon, 256, 268. 

Tetraethylsilicane, 23, 250, 262, 263, 361. 

Tetramethyl silicane, 18, 248, 361. 

Tetranitrophenyl silicane, 262. 

Tetraphenyl silicane, 269, 262, 266, 268, 361. 

Tetrapropyl silicane, 24 250, 261. 

Tetra-m-tolyl silicane, 262. 

ti ‘P' *» f» ♦ 262 . 

Tolylsiliconic acid, 283. 
p-Tolyl silicon trichloride, 269. 

Tri-woamylbromosilicane, 263, 256. 

Tri-i^amylsilicane, 261. 

Tri-isoamylsilicol, 266. 

Tri-isoamyl silicon bromide, see Tri-isoamylbromosilicane. 

Tri-isoamyl silicon oxide, 260, 268. 

Trianhydrotetrakisdiphenylsilicanediol, 275, 361. 
Trianhydrotrisdibenzylsilicanediol, 276,-278. 

„ „ t» , crystallographic measurements of, 369. 

Trianhydrotrisdiphenylsilicanodiol, 273, 274, 2W. 

„ „ „ , crystallographic measurements of, 367. 

Tribenzylchlorosilicane, 266. 

Tribenzylsilicol, 266, 270. 

Tri-isobutylbromosilicane, 263. 

Tri-isobutylsilicane, 261, 263. 

Trichlorosilicane, 260, 251. 

Tziohloro-jp-triethylsilylphenylmonosilane, 363. 

Triethoxysilicon chloride, 266. 

Triethylaoetoxyethylailicane, 262. 

Triethylisoamylsilicane, 262. 

Triethylbromosilioane, 260, 261, 263, 363. 

Triethylbromo-p-phenylmonosilane, 291, 362. 

Triethyl-n-butylsilicane, 262. 

Triethylisobutylsilicane, 262. 

Triethylohloroethylsilicane, 260, 252. 

Triethyl-p-chlorophenylmonosilane, 291, 362. 

Triethylchlorosilicane, 263, 266. 

Triethylhydroxyetbylsilicane, 262. 

Triethyl-jp-iodophenylmonosilane, 362. 

Triethylphenyli^icane, 362. 

Tri-n-propyl-p-ohlorophenylmonosilane, 362. 

Triethyl-n-propyliilioane, 262. 

Triethylsilioane, 23, 261. 

TriethylsOiool, 253, 264, 259, 363. 

Triethyl sOicon acetate, 263, 264. 

„ „ ohloride, see Triethylohlorosilioane. 
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Triethyl eilioon oxide, 253, 267, 

Triethylfiilicyl ethyl ether, 23. 

1 -TriethyIsilyl-4*triothylstannyl-benzono, 291. 

1- „ „ -4-triinethylplumbyl-benzene, 291. 

1- „ „ -4-diphenylarsyl benzene, 291. 

Trimethyli^oamylailicane, 252. 
Trimethyl-n<butylsilicane, 261. 
TrimethyKwbutylsilicane, 251. 

Trimethylethylsilioane, 251. 
Trimethyl-w-propylsilioane, 24, 253, 257. 

Trinitrophenylsilicol, trisulphonate of, 2()9. 
TriphenylbromosUicane, 263, 2dd, 268, 361. 
Triphenylchlorosilicane, 262, 263, 267, 269, 284. 

Triphenylethylsilicane, 263. 

Triphenylmethylsilioane, 262. 

Triphenylsilicane, 263. 

Tiipheuylsiliool, 262, 266, 26P, 280. 

„ „ trisulphonic acid, 269. 

Triphenyl silicon aoetate, 266. 

„ „ bromide, aee Triphenylbromosilicane. 

„ „ chloride, ^ee Triphenylclilorosilicane. 

„ „ oxide, 361. 

TriphenylsUicylamine, 266. 

Tripropylbromosilicane, 253, 255. 

Tripropylsilicane, 260, 25J, 

Tripropylsilicol, 253, 255. 

Tripropyl silicon acetate, 253, 255, 258. 

„ „ bromide, 255. 

„ „ oxide, 251, 253, 257. 


Germanium. 

Dimetliylaminophenylgormanic acid anhydride, 299. 

Dimethylanilino germanium trichloride, hydrochloj-i(Je of, 299. 

Disodium diphenyl germanide, 296. 

(lermanium dimethylanilino triphenyl and hydrochloride, 298. 

„ ethyl triphenyl, 298. 

„ tetra-fisoamy], 293. 

„ tetrabenzyl, 298. 

„ „ tetrasulphonic acid and barium salt, 298. 

„ tetra-n-butyl, 293. 

„ tetraethyl, 291, 292, 293, 361. 

„ tetramethyl, 291, 292, 361. 

„ tetraphenyl, 294, 296, 297, 361. 

„ tetrapropyl, 293. 

„ tetra-p-tolyl, 297, 298 

,, triphenyl anisyl, 298. 

»* -i?-tolyl, 298. 

Hexaphenyldigermane, 294-295, 361. 

Phenylgermanic acid anhydride, 298. 

Phenylgermanonio acid, 297. 

Sodium triphenyl germanide, 294, 295, 296. 

„ „ germanolate, 296, 297. 

Tetra-anhydrotetrakisdiphenylgermanediol, 29/, 361, 

Tetraphenylgermane, 294. 
j^Tolylgermanic acid anhydride, 299. 
Triaiiydrotetrakisdiphenylgermanediol, 297, 361. 

Trimethylstannyl-triphenylgermane, 296. 

Tiiphenylgermane, 296. 

Triphenylgermanol, 297. 

Txiphenylgermanium bromide, 294, 296-298, 361. 
chloride, 294. 
fluoride, 294, 296. 
iodide, 294. 
oxide, 294, 297, 361. 


» 


ff 

» 
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1 : lO-Bis-triethylfltannyl-Ti-decane, 330. 

1 I 6" tt •?ii>*p6ii'tan.©j 330y 331^ 373. 

Dimethylmethylene stannane, 316. 

Dieodium dimethyl staimane, 313, 315y 316. 

„ diphenyl stannide, 320, 329. 

„ hexamethyl tristannane, 315, 316. 

„ tetramethyl-distannane, 315. 

„ tin diphenyl, see Disodium diplienyl stannide, 

Dodecamethylpentastannane, 316. 

Ethyl stannonic acid, 313. 

Hexabenzyldistannane, 327. 

Hexa-itfobutyldistannane, 315, 372. 

Hexacyclohexyldistannane, 327. 

Hexaethyldistannane, 305, 306, 314, 372. 

Hexamethyldistannane, 314. 

Hexaphenyldistannane, 327, 361. 

Hexa-n-propyldistannane, 315, 372. 

Hexa*p-tolyldistannane, 327. 

Hexa-p-xylyldistannane, 327. 

Methyl stannonic acid, 311, 312, 361. 
wo-Propyl stannonic acid, 313. 

Sodium tin tiiphenyl, 328, 329. 

Sodium trimethyl stannide, 304, 314. 
sy?w.-Tetraethyldi-t5obutyl-distannane, 315, 372. 
sym.- „ „ -w-propyl- „ , 315,372. 

Tin di-woamyl, 310. 

dibcnzyl acetate, 325. 

„ chloride, 321, 325. 

„ dibromide, di-iodide, oxide, 325. 
di-wobutyl salts, 310. 
dicyclohexyl, 327. 
dicyclohexyl dibromide, 318, 325. 

„ dichloride, difluoride, dihydroxide, di-iodide, 325, 326. 
diethyl, 300, 301, 309, 313, 314. 
diethyl-w-amyl bromide, 331, 373. 

„ wo-amyl bromide, 370. 

„ „ chloride, 370. 

„ -5-bromoamyl bromide, 329, 330, 373, 

,, isobutyl bromide, 370. 

„ cyclopentamethylene, 329, 330, 361, 373. 

„ di-wo-amyl, 370. 

„ dibenzyl, 320. 

„ dibromide, 309, 311, 329, 330, 371. 

„ di-isobutyl, 370. 

„ diohloride, 302, 303, 309, 311, 313, 360. 

„ di-iodide, 18, 21, 302, 303, 306, 309, 329. 

„ oxide, 309, 313. 

„ w-propyl bromide, chloride, 370. 

„ salts, 309-311. 
dimethyl, 313, 315. 

„ -5-bromoamyl bromide, 329, 373. 

„ -cyclopentamethylene, 329, 331, 373. 

„ di-isobutyl, 370. 

„ diethyl, 18, 303, 360. 

„ dibromide, 308, 313, 315, 316, 329. 

„ dichloride, 303, 308, 314. 

„ di-iodide, 308, 329, 371, 

„ ethyl bromide, 303. 

„ ethyl propyl, 303, 

„ diphenyl, 320. 

„ saltB, 308, 309, 

di-a-naphthyb 327. 
diphenyl, 326, 327, 329. 
diphenyl aminoohloride, 325. 
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Tin diphenyl chlorobromide, ohloro-iodide^ 324. 

„ ,, dibromide, 324. 

„ „ dichloride, 77, 225, 322, 323, 324, 361. 

„ „ diethoxide, 324, 

„ „ difluoride, 324. 

„ „ hydride, 329. 

„ „ hydroxyohloride, 324, 360. 

„ „ oxide, 324. 

„ di-7i>propyl salts, 310. 

„ di-wopropy] salts, 310. 

„ di-p-tolyl, 326. 

„ di-p-xylyl, 327. 

„ ethyl butyl dibenzyl, 320. 

„ „ di-Moamyl bromide, 370. 

„ „ dibenzyl iodide, 320. 

„ „ dibutyl benzyl, 320. 

„ „ di-isobutyl bromide, 370. 

„ „ phenyl dichloride, 326. 

♦» » ^‘propyl di-woamyl, 303. 

„ „ propyl dibenzyl, 307, 320, 321. 

„ „ „ dichloride, 307. 

„ „ tribromide, 313. 

„ „ tri-tsobuty], 369. 

„ „ tri-u-propyl, 369. 

„ methyl ethyl dibromide, 303. 

M »> ,* dipropyl, 303. 

„ „ „ w-propyl deariro-bromocamphor sulphonate, 307, 308. 

„ „ „ „ „ -camphor sulphonate, 307. 

„ „ „ iodide, 307. 

„ „ sulphate (basic), 312. 

„ „ tribromide, trichloride, 312. 

„ „ tri-iodide, 301, 311, 372. 

„ «>opropyl tribromide, 313. 

„ „ trichloride, 313. 

„ tetra-i«oamyl, 302. 

„ tetrabenzyl, 318. 

„ tetrabromide, physical constants of, 371. 

„ tetra-»«obutyl, 302. 

„ tetra-cyclohexyl, 317, 323, 325. 

„ tetraethyl, 21, 26, 300, 301, 302, 305, 309, 361, 371. 

„ tetramethyl, 301, 304, 305, 312, 316, 361. 

„ tetraphenyl, 13, 316, 321-324, 329, 360, 361. 

„ tetrapropyl, 24, 37, 302^ 371. 

„ tetra-a<tmenyl, 318. 

„ „ -o-tolyl, 317. 

„ „ -m- „ , 317. 

„ -w-xylyl, 317. 

>» » "jP* >» »317, 

„ tri-fso-amyl salts, 371. 

„ tribenzyl chloride, 320, 323, 325, 327. 

„ „ iodide, 327. 

,, „ ethyl, 320. 

,, tri-i«obutyl t>o-amyl, 369. 

,, tri-Mobutyl salts, 306, 307, 371, 

,, tricyclohexyl bromide, 319, 323. 

, „ „ chloride, 318, 323, 

, „ ethyl, 320. 

, „ „ fluoride, hydroxide, iodide, 323. 

, „ „ methyl, 319. 

» »» phenyl, 319. 

, „ „ p-tolyl, 319. 

, triethyl Moamyl, 369. 

, „ n-amyl, 329, 330, 331, 373, 

, „ bromide, 291, 306, 314, 330, 331, 371, 

, „ -5-bromoamyl, 329, 330, 373, 

, „ fsobtttyl, 369. 
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Tin triethyl carbonate, 302, BOB, 

„ „ chloride, 302, 305, 314, 371, 

„ „ ethylate, 371. 

„ „ ethyl sulphonate, 302. 

„ „ iodide, 18, 300-303, 305, 309, 314, 3fM), 371. 

„ „ methyl, 18, 303, 

„ „ phenyl, 321, 326. 

„ „ w-propyl, 303, 369, 371. 

„ „ salts, 305, 306. 

„ trimethyl, 304, 305, 314. 

„ „ benzyl, 321. 

„ „ bromide, 296, 300, 303, 304, 314, 321, 328. 

„ „ -S-bromoamyl, 330, 331,373. 

„ „ chloride, fluoride, 304. 

„ „ ethyl, 302. 

„ „ ethylate, 305. 

„ „ hydroxide, 305. 

„ „ „ , electrical conductivity of solutions of, 305. 

„ „ „ , complexes of, 306. 

„ „ iodide, 301, 302, 304, 321, 371. 

„ phenyl, 321. 

„ „ n-propyl, 303. 

„ (trimet}iylstannyl)-amine, 321. 

„ trimethyl sulphide, formate, acetate, 306. 

„ triphenyl, 328, 361. 

„ „ bromide, 322, 327,361. 

„ „ chloride, 318, 322, 325,360. 

„ „ cyclohexyl, 318. 

„ ., ethyl, 319. 

„ „ fluoride, 322. 

„ „ . hydride, 328. 

„ „ iodide, 319, 322. 

„ „ methyl, 319. 

., ., a-naphthyl, 318. 

„ „ p-tolyl, 318. 

„ „ p-xylyl, 318, 

„ tri-w-propyl wobutyl, 369. 

„ tripropyl chloride, 306, 371. 

„ „ iodide, 37, 302, 306, 371. 

„ tri-isopropyl bromide, chloride, iodide, 306, 371. 

„ tripropyl salts, 306. 

„ tri-isopropyl salts, 306. 

„ tri-o-tolyl bromide, chloride, iodide, 322. 

„ „ ,322,327. 

,, „ „ „ chloride, fluoride, 322. 

„ tri-w-xylyl fluoride, 322. 

ft 9 f ’P* >f » chloride, bromide, iodide, 323. 

l-Triethyl8ilyl-4-triethylstannyl benzene, 291. 
l-Trimethylstannyl-5-trimethylplumbyl-n-peiitanc, 330, 331, 373, 
Trimethyltriethyldistannane, 314. 

Triphenyltrimethyldistannane, 328. 

Lead. 

1: 5-Bis-trimethylplumbyl-n-]^ntane, 330, 353, 379, 

Lead isobutyl isoamyl dibromide, 339. 

„ „ tri-i^amyl, 376. 

„ di-isoamyl dibromi^, dichloride, 338. 

M »» »» ethyl propyl, 377. 

„ di-isobutyl chlorobromide, 338. 

„ „ „ dibromide, dichloride, 338. 

„ dicyolohexyl dibromide, 342, 348. 

„ M „ dichloride, di-iodide, sulphide, 348. 

„ diethyl isoamyl chloride, 339. 

„ „ -5-bromoaaiiyl bromide, 353. 

„ „ isobutyl iaoamyl, 377. 
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Lead diethylcyclopentamethylene, 362, 363, 361, 379, 

,, diethyl ^-isoamyl, 376. 

„ „ dibromide, 338. 

„ „ di-wobutyl, 376. 

„ „ dichloride, 336, 338, 361, 352, 360. 

„ „ di-a-naphthyl, 343, 360. 

„ „ diphenyl, 338, 343, 360. 

„ „ di-n-propyl, 376. 

„ „ di-5cc.-propyl, 376. 

„ „ methyl i^oamyl, 377. 

„ „ „ isobutyl, 377. 

M propyl, 377. 

„ „ propyl woamyl, 333, 377. 

„ „ „ «ec.-amyl, 377. 

„ ,, „ n-butyl, 377. 

„ „ „ t^obutyl, 377. 

„ „ „ ficc.-butyl, 377. 

„ „ ri-propyl «ec.-propyl, 377. 

„ , estimation of in organic compounds, 334. 

„ ethyl tsoamyl dichloride, 339. 

„ „ wobutyl dibromide, 339. 

„ „ -5-chloroamyl dichloiide, 352, 333. 

„ „ -n-propyl-n-butyl-iaoamyl, 336. 

„ dimethyl #ec.-butyl woamyl, 377. 

„ „ di-iAoamyl, 376. 

„ „ dibromido, dichloride, di-iodide, oxide, sulphide, chromate, 338. 

„ „ di-wobutyl, 376. 

„ „ diethyl, 335. 

„ „ di-n-propyl, 376. 

„ „ ethyl woamyl, 377. 

M „ »9<»c.-amyl, 377. 

„ „ iaobutyl, 377. 

„ „ „ 5cc.-butyl, 377. 

M „ „ n-propyl, 333,377. 

M M „ 5ec,-propyl, 377. 

„ „ propyl i«o-amyl, 377. 

„ diphenyl, 348, 349. 

„ „ carbonate (basic), 346. 

„ „ chromate, 347. 

„ „ cyanide (basic), 347. 

„ „ cyclohexyl bromide, 351. 

„ „ „ methyl, 351. 

„ „ diacetate, 343, 347. 

„ „ dibromide, 342, 343, 345. 

„ „ diohloride, 340, 345, 360, 361. 

„ „ dicyanide, 347. 

„ „ dicyclohexyl, 342. 

„ „ diformate, 346. 

*, ,, di-iodide, 342, 343, 350. 

» „ di-a-naphthyl, 342. 

n „ dinitrate, 343, 347. 

» »» „ (basic), 346. 

„ „ di-p-nitrobenzoate, 347. 

» „ di-o-tolyl, 342. 

»» ,, di-p-tolyl, 349. 

„ 9 , dithiocyanate, 347. 

,» „ di-triohloroacetate, 346. 

f 9 »* divalerate, 346. 

di-p-xylyl, 342, 361. 

99 99 ethyl bromide, 361. 

„ „ iodate, 346. 

„ „ methyl bromide, 351. 

„ ,, oxalate, 346. 

„ », oxide, 346. 

„ „ phosphate, 346. 

„ „ propionate (add salt), 346. 
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Lead diphenyl sulphide, 347. 

„ „ p-xylyl, 351. 

„ di-w-propyl dichloride, 338. 

„ di-p-tolyl diacctate, 847, 348. 

„ „ dibromido, diohloridc, 347. 

„ „ diformate, 347. 

„ „ di-iodide, 347,360. 

„ „ dinitrate, 347. 

„ „ sulphide, chromate, 348. 

„ di-m-xylyl dichloride, 350, 860. 

„ di-p-xylyl dibromido, 345, 348, 350. 

„ ethyl tri-isoamyl, 375. 

„ „ tri-isobutyl, 375. 

„ „ tri-w-propyl, 376. 

„ methyl ethyl dichloride, 338. 

„ „ „ di-iodide, chromate, sulphide, 339. 

„ „ „ n-propyl woamyl, 336. 

„ „ „ ,, t^obutyl, 336. 

„ „ n-propyl woamyl chloride, 339. 

„ „ tri-isoamyl, 375. 

„ „ tri-wobutyl, 375. 

triethyl, 334, 336, 360, 374, 

„ „ tri-n-propyl, 376. 

„ phenyl cyclohexyl methyl bromide, 351. 

„ ?i-propyl rsoamyl dichloride, sulphide, 339. 

„ „ wobutyl dibromide, sulphide, 339. 

„ „ „ dichloride, 339. 

„ „ tri-wjoamyl, 376. 

„ ,, tri-i^obutyl, 375. 

l/etra-woarnyl, 333. 

„ tetra-i^obutyl, 333. 

„ tetracyclohexyl, 341, 348. 

„ tetraethyl, 21, 333, 360, 361. 

„ tetramethyl, 333, 336, 361. 

„ tetraphenyl, 317, 339, 340, 343- 346, 360, 361. 

„ tetra-n-propyl, 333. 

„ tetra-5cc.-propyl, 333. 

„ tetra-a-thienyl, 341. 

„ tetra-jp-tolyl, 340, 347. 

„ tetra-p-xylyl, 341. 

„ tri-»«oamyl chloride, bromide, iodide, fluoride, hydroxide, 338. 
„ tri-esobutyl woamyl, 375. 

„ tri-n-butyl chloride, bromide, hydroxide, 337. 

„ tri-taobutyl clilorido, bromide, iodide, fluoride, 337. 

„ tricyolohexyl, 346. 

„ „ „ bromide, chloride, fluoride, hydroxide, 346. 

,, ,, ,, iodide, 345, 361. 


triethyl, 339. 

triethyl n-amyl, 353, 379, 

„ t^oamyl, 335, 374, 

„ «ec.-amyl, 376. 

„ benzyl, 343, 378. 

„ -5-bromoamyl, 353, 379, 

„ iaobutyl, 336, 374, 

„ aec.-butyl, 376. 

„ bromide, iodide, 336. 

„ chloride, 336, 339, 360. 

„ hydroxide and salts, 336, 337, 339. 
„ a-naphthyl, 378. 

„ phenyl, 378. 

„ 71-propyl, 335, 374. 

„ o-tolyl, 378. 

„ i>-tolyl, 378. 

trimethyl Moamyl, 335, 374, 

„ bromide, 330, 331, 334, 336, 363. 

„ 71-butyl, 336, 374. 
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Lead trimethyl im^butyl, S74. 

,p chloride, 291,334,336, 

„ „ ethyl, 334p 338,374. 

„ „ fluoride, hydroxide, iodide, 336, 

„ „ phenyl, 378. 

„ »-propyl, 334, 374. 

„ „ f’aopropyl, 375. 

„ „ sulphate, 331, 336. 

„ „ o-tolyh 378. 

„ p-tolyl. 378. 

„ triphonyl, 349, 361. 

„ „ bromide, 341, 344, 361, 361. 

„ „ chloride, 343, 344. 

„ „ cyclohexyl, 342, 361. 

„ „ ethyl, 361. 

„ „ fluoride, 344. 

„ „ iodide, 343, 344, 349. 

„ „ methyl, 351. 

„ „ a-naphthyl, 342. 

„ „ p-phenetyl, 341. 

„ „ p-phenoxyphenyl, 342. 

„ „ sulpliide, 344. 

„ „ p-tolyl, 341. 

„ ,. w^xylyl, 341. 

„ „ p-xylyl, 341. 

„ tri-»-propyl tsoamyl, 376. 

„ „ ,, wobutyl, 376. 

„ „ „ acetate, bromide, chloride, fluoride, hydroxide, sulphate, 337. 

„ tri-o-tolyl, 350. 

„ „ ,344, m 

„ „ „ fluoride, iodide, 344. 

„ tri-m-xylyl, 360, 360. 

„ „ -P- „ , 344, 345, 360. 

„ „ „ „ bromide, 341,346. 

,, „ „ „ chloride, 344. 

1 -Triethylsilyl-4-trimethylplu mbyl- benzene, 291. 
l>TrimethyIstannyl-5-trimothylplumbyl-7t-pentane, 330, 331, 373. 


Phosphorus. 

Dimethylamidophosphenyl chloride, 122. 

Diphenyl phosphorus chloride, 16. 

Ethyl dichlorophosphine, 36. 
Phenyl-jp-tolylchlorophosphine, 94. 

Phosphenyl chloride, 77, 94. 
m>Tolyldichlorophosphine, 78. 

Triethylphosphine, 20. 

Trimethylphosphine, 18. 

Triphenylphosphine, reaction with thallic chloride, 360. 
Tripropylphosphine, 24. 
m-Xytyldicldorophosphine, 80, 96. 


Arsenic. 

Arsenobenzene, reaction with mercury diethyl, 35. 
Ethyldiohloroarsine, 35. 

Diphenylchloroarsine, 77, 291, 340. 

Dithienylchloroarsine, 83, 98. 
a-Naphthyldiohloroarsine, 82. 

,, ,, ,, , 82. 

Phenylarsenious chloride, 77, 88, 91, 360. 

„ „ oxide, reaction with mercuric chloride, 73. 

„ „ sulphide, reaction with mercury diethyl, 36. 

Phenyldichloroarsine, see Phenylarsenious chloride. 
Phenyldiethylarsme, reaction with mercury diethyl, 35. 
ThSenyldiohloroaiBine, 83, 98. 
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Tricthylarsino, 20. 

l-Triethylsilyl-4-diphenylarsyl benzeuo, 291. 
Trimethylarsine, 18. 

Triphenylarsinc, 220, 300. 

„ „ dichlorido, 300. 

Tripropylarsino, 24. 

Trithienylarsine, 83. 

Tri-w-xylylarsiric, 300. 

“P- „ , 300. 

w-Xylylarsoniou8 dichlorido, 80, 300. 

P" ^ ^ ,, ,, , 360. 

//i-Xylyl(iichloruarsino, *rc wi-Xylylarscnious dichlorido. 


Ayilmiony, 

Ui])hc'uylstibinc clilorkio, 340. 

,, ,, trichloride, 77, 340. 

IVianisylstibiiK' mcrcurichloride, 142. 
Tririhylstibino, 20, 35. 

Trinicthylsiibino dichlorido, 32. 

1 Vi phony Istibino, 71, 88, 220, 300. 

„ „ dichlorido, 77, 300. 

'rri'//* toIylstibiiic morciirio.hlorido, 71, 93. 
Tri-//i-.\yiylstibino, 300. 

„ „ „ dichlorido, 300. 


Bimiidh, 

liisniiith tricthyl, 34, 3(). 

1 h-a-iiaphthylchlorobisinuthino, 300. 
Diphonylchlorobismutliino, 340, 300. 

1 )i-p-tolylohlorobismuthinc, 300. 
TriothylbiHiniithinc, 29, 41. 
Tri-fi-naplithylbismiithinc, i43, ‘,<0. 
IViphcnvlbisniuthirio, 77, 242, 300 
Tri-P'toiylbisniuthine, 243, 300. 

Selenium y Tellurium. 

Selenium, mercury derivatives containing, 217 
Tellurium diethyl, 30. 

Tellurium diphenyl, 77. 

„ „ diohloride, 340. 
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